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Artwork of Rigas Kougkolos 


Editor's Preface 


"Protection and Restoration of the Environment" is a well-known series of international 
conferences, organized jointly by one American and one Greek University every two years. It 
started in 1992, in Thessaloniki, Greece. 

The 13th Conference of this series is organized by the Stevens Institute of Technology, USA, 
the Department of Civil Engineering of the Aristotle University of Thessaloniki, the Department of 
Civil Engineering of the University of Thessaly and the School of Civil Engineering of the National 
Technical University of Athens. The conference is designed to facilitate the exchange of ideas and 
knowledge between diverse groups of the scientific community concerned with current issues in 
protection and restoration of the environment. 

Participation has been very encouraging. Two hundred and sixty papers have been selected for 
oral or poster presentation, covering a wide range of topics, and reflecting the interdisciplinary 
nature of environmental challenges. They are classified in the following sessions: 

e Water resources management and contamination control (34) 

e Wastewater treatment and management (26) 

* Protection and restoration of coastal zone and open sea waters (7) 
* Protection and restoration of ecosystems (14) 

e Solid waste management (15) 

e Waste minimization and pollution prevention (11) 

* Remediation of contaminated media (7) 

e Ecotoxicology (18) 

e Global environmental changes (7) 

e Environmental impact assessment and risk analysis (19) 

e Environmental informatics (10) 

e Environmental health (10) 

e Environmental economics (8) 

e Environmental entrepreneurship (7) 

e Environmental law and policy (9) 

e Cultural and social issues (4) 

e Sustainable architecture, planning and development- Spatial and urban planning (14) 
e Air quality and contamination control (10) 

The conference also hosts four special sessions: 

1) Innovative technologies for polluted water remediation, organized by Professor D. Musmarra 

and by Assistant Professor A. Di Nardo, Second University of Naples, Italy (8) 
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2) 


3) 


4) 


Environmental aspects of marinas and touristical ports, organized by Professor K. Moutzouris, 
National Technical University of Athens, Greece (8) 

Renewable and sustainable energy management and planning, organized by Assistant 
Professors D. Vagiona and E. Loukogeorgaki, Aristotle University of Thessaloniki, Greece (5) 
Environmental communication and education, organized by Professor C. Skanavis, University 
of the Aegean, Greece (10) 


The editors would like to thank: 


The authors of the papers, for their scientific contributions 

The reviewers of the papers for their invaluable assistance in order to ensure high scientific 
standards 

The sponsors of the PRE XIII Conference for their financial support, without which it would 
not have been possible to keep the registration fees at a reasonable level 

All participants for their involvement in the exchange of knowledge, know-how and ideas, 
which is the essence of this conference 

Grafima Publications for their collaboration as well as their contribution to the editing of both 
the book of abstracts and the e-proceedings 


A. Kungolos, 

C. Christodoulatos, 
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C. Emmanouil, 

C. Laspidou, 

Z. Mallios, 

D. Dermatas 
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Abstract 


A hybrid optimization algorithm has been presented in a previous conference combining harmony 
search and the Nelder-Mead simplex algorithm. A multi-objective version of this algorithm is 
presented in this paper. The objective functions considered include pumping and installation costs 
to be minimized, along with the sum of supply discharges that is to be maximized. Optimal trade- 
offs among these conflicting objectives are found by determining the corresponding Pareto front. 
The multi-objective approach presented is compared to standard methods of the literature. The 
number and position of production wells is addressed as a special feature of the problem. 


Keywords: groundwater management; multi-objective optimization; harmony search; evolutionary 
method 


1. INTRODUCTION 


Most problems in nature have several objectives to be satisfied. It is obvious that in such a problem, 
a single solution cannot be found that is better than any other one, especially when these objectives 
are conflicting with each other. Therefore in a multi-objective problem the term “optimal” cannot 
be used for a solution and the term “dominant” is used. By definition, a solution dominates another 
one when the first solution is no worse than the second solution in all objectives and it 1s better in at 
least one objective [1]. Thus, for a problem that requires all objective functions to be minimized, a 
solution x4 dominates another solution x; if: 


vi € {1,.. m}: fia) € file) ^ 
aj € {1,...,m}+ fi) < fiz) (1) 


The solutions that are not dominated by any other solution are known as Pareto — optimal 
solutions or nondominated solutions [2]. All non-dominated solutions are acceptable, since none of 
the objective functions can be improved in value without degrading some of the other objective 
values. 

A popular algorithm for solving single-objective optimization problems is Harmony Search 
Algorithm (HSA) [3]. Recently, a hybrid method was presented that combined the strengths of HSA 
with those of the Nelder — Mead simplex technique [4]. The method was named Harmony Simplex 
Hybrid (HSH) and had good results when it was implemented in a test function as well as in a 
practical single-optimization aquifer management problem [5]. In order to solve the multi-objective 
optimization problem, the HSH algorithm is transformed based on the ideas used in other 
algorithms such as Non-Dominated Sorting Algorithm II (NSGA-I) [6], Non-dominated Sorting 
Hybrid Algorithm (NSHA) [7] and Multi-Objective Harmony Search (MOHS) [8]. 
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The new algorithm is named Multi-Objective Harmony Simplex Hybrid (MOHSH) and is 
tested in a similar problem with [5]. In [5], the aquifer management problem is solved by 
minimizing the cost of well installation and pumping while the total pumping rates of the wells is 
considered known and steady. In this paper, the total pumping rate is to be maximized while the 
cost is to be minimized. It is obvious that these objectives are conflicting with each other and 
therefore the goal is to find a set of nondominated solutions. Well locations, the number of wells 
and the distribution of pumping rates remain in the problem as optimization parameters. 


2. MOHSH ALGORITHM 


The Multi-Objective Harmony Simplex Hybrid (MOHSH) algorithm is the result of the application 
of HSH in multi-objective problems. More information on HSH can be found in [5]. In order to sort 
the obtained solutions the non-dominated sorting is used as it is described in [6]. The local search 
by Nelder-Mead algorithm is not applied in every improvisation, giving time to HS to alter the 
harmonies. The number of improvisations performed by HSA between the local searches is defined 
in a parameter called NM. st by the user. In addition to the HM, two new slots are kept in memory: 
the archive [8] and the vault. The size of the archive (AS) is also user defined and the archive is 
used in order to store the nondominated harmonies. The vault is used to store the solutions of the 
archive before they are altered by the algorithm, in order to avoid applications of Nelder-Mead to 
the same harmonies. The steps of the proposed algorithm are as follows: 


Step 1: Parameter setting 
Define the objective functions, the decision parameters with their boundaries and the parameters of 


the algorithm. 


Step 2. Initialization 
Fill the HM matrix with random decision variables in the feasible space. The HM matrix can be 
described as follows: 


1 1 M 1 
x4 x2 Xn 
2 2 2 
x x x 
HM = 1 2 e n (2) 
EE ME HMS 


where n is the number of variables and HMS the number of harmonies stored in HM. 


Step 3. Archive generation 
Evaluate the HMS harmonies and sort them with fast nondominated sorting. The nondominated 


harmonies move to archive. The empty slots of the HM are filled with randomly generated 
harmonies until the size of the HM is HMS. 


Step 4. Generation of new harmonies 
A new harmony is generated HMS times as follows: 
for i in range (n): 
Select a random harmony from archive x£* 
Select a random harmony from HM x?" 
if rand(0,1) « HMCR: 
xj*" = xf? + rand (—1,1) » (xf? — xf") 
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if rand(0,1) 2 HMCR: 
xj*" = xf" + rand(0,1) * (xm — xr") 


Step 5. Update of the archive 


The new harmonies are evaluated and the combined HM, archive and new harmonies are sorted 
with fast nondominated sorting. 


Step 6. Nelder-Mead implementation 
This step is executed every NM. st iterations. The vectors that participate in the local optimization 


by the Nelder-Mead method are one member from the archive as guide and n members randomly 
picked from the HM. Whenever a sorting procedure is required from the algorithm, the fast 
nondominated sorting is applied. In order to avoid the situation where all the vectors of the Nelder- 
Mead procedure have the same ranking, the harmonies from the archive and HM are added to the 
sorting. Thus, a more accurate ranking is given to the vectors with little computational cost, since 
these harmonies are already evaluated. 


The procedure is repeated for every harmony in the archive that is not in the vault. The algorithm is 
terminated if one of the following criteria is met [7]: 
i. no solution is dominating another solution. 
ii. the simplex size is smaller than a predefined value. This value can be relative to the expected 
precision. 
ili. a user defined number of maximum iterations or function evaluations is reached. 


Step 7. Update of the archive and the vault 

The harmonies that were optimized locally with the harmonies from HM and the archive are sorted 
with fast nondominated sorting. The nondominated harmonies fill the archive while the rest fill the 
HM. If the harmonies in the first nondomination front are more than AS, then the crowded 
comparison operator [6] is used in order to preserve good distribution of the solutions in the 
archive. The vault is being replaced by the archive in order to avoid reevaluation of these harmonies 
from the Nelder-Mead method. If the maximum number of iterations or function evaluations is 
reached, then the members of the archive compose the calculated nondominated set. If not, the 
process is repeated from step 4. 


3. AQUIFER MANAGEMENT 


The basic objectives of groundwater management are usually the minimization of pumping cost and 
the maximization of total pumping rate. In order to estimate the optimal trade-offs between these 
conflicting targets the MOHSH and the MOHS algorithms are used. 


3.1. Problem definition 

A semi-infinite unconfined aquifer is considered that was studied in [5]. In that study the objective 
was to minimize the pumping and installation cost of the wells while the total pumping rate was 
known. In this paper the total cost is to be minimized also, while the total pumping rate is to be 
maximized. Details about the problem can be found in [5]. 
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Figure 2. Plan view of the aquifer and locations of candidate wells 


The locations that are shown in Figure 1 are candidate locations of the wells. The number of the 


wells, their final location and the pumping rate distribution are to be determined during the 
optimization process. The parameters used by the algorithms are as shown in Table 1. 


Table 1. Parameters setting 


PARAMETER ABBREVIATION VALUE 
Harmony Memory Size HMS 50 
Archive Size AS 100 
Maximum Improvisations MI 1000 
Harmony Memory Consideration Rate HMCR 0.9 
Maximum Iterations of Nelder-Mead MINM 20 
Number of iterations between Nelder - Mead NM ST 10 
Precision of variables PREC 1 m)/day 


4. RESULTS - DISCUSSION 


In order to evaluate the results the C metric function is used. It is defined as follows [8]: Let 
X', X" € X be two sets of decision vectors. The function C maps the ordered pair (X, X ) to the 
interval [0,1]. 


la^ €X5;3a €X:a'« a"| 


cox» Dn 


(3) 


The value C(X, X^) = 1 means that all solutions of X” are dominated by solutions from X . The 
opposite condition C(X', X) = 0, means that there is no solution in X” dominated by any solution 
in X’. Notably, both C(X', X ) and C(X X ) have to be calculated since C(X , X”) is not necessarily 
equal to 1- C(X , X ). 

Each algorithm runs 30 times. For each run, there is a C value for each ordered pair. The results are 
shown in Table 2. 
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Table 2. Results of C function calculation 


RUN C(MOHSH,MOHS) C(MOHS,MOHSH) RUN C(MOHSH,MOHS) C(MOHS,MOHSH) 
1 0.74 0 16 0.66 0 
2 0.72 0 17 0.88 0 
3 0.84 0 18 0.82 0 
4 0.66 0 19 0.8 0.02 
5 0.86 0 20 0.72 0 
6 0.84 0 21 0.84 0 
7 0.82 0 22 0.78 0 
8 0.86 0 23 0.68 0 
9 0.9 0 24 0.7 0 
10 0.62 0 25 0.48 0 
11 0.64 0 26 0.92 0 
12 0.72 0 27 0.74 0 
13 0.76 0 28 0.74 0 
14 0.76 0 29 0.62 0 
15 0.76 0 30 0.84 0 


It can be seen clearly that the solutions obtained from the proposed algorithm MOHSH tend to 
dominate over the solutions from MOHS in the problem presented here. On the contrary, there is 
only one solution of the MOHSH on the 19" run that is dominated by a solution of MOHS. On the 
other hand, MOHSH has a higher complexity than MOHS due to the addition of the Nelder-Mead 
method. The present results are promising and more numerical experimentation would be useful, in 
order to establish the performance of the proposed method. 
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Abstract 


The designation and assessment of the causes deteriorating the fragile aquatic ecosystems and water 
resources are among the first stages of strategic management. They constitute an important tool for 
the strategic management of the environment and the above mentioned aquatic ecosystems and 
Water resources. 

The appropriate management of these ecosystems and water resources can facilitate the 
mitigation and reversal of the eco-environmental impact caused by anthropogenic interventions in 
the drainage basins. These strategic management "tools" for aquatic ecosystems and water resources 
also employ advanced hydrological models in combination with the recording and systematic 
monitoring of qualitative and quantitative environmental parameters (level of pollution, 
eutrophication, water level, water volume, temperature, stratification of water column, pH, salinity, 
water renewal rate, geomorphological changes, sediment transport rate, coastal erosion rate etc.). 

The region of Attica hosts a number of fragile aquatic ecosystems and water resources, 
including natural lakes, lagoons, marshes and some dams (water supply dams, flood barriers, water 
storage basins, etc.). Smaller wetlands can also be found in various locations especially in the 
coastal zone. Typical examples of these fragile aquatic ecosystems would be the protected wetland 
(Mega Elos) located in the National Park of Schinias-Marathon and the lakes Koumoundourou and 
Vouliagmeni, both consisted of a mixture of salt and fresh water. An important water resource for 
the Attica region is the Lake Marathon (Limni Marathonos), a water supply reservoir, formed by the 
construction of Marathon dam, in the Oinois river valley (r. Haradros) in East Attica. 

The main purposes of the present research are to: a. highlight the manmade interventions, b. 
evaluate the impact on the fragile ecosystems and water resources and c. describe a strategy for the 
mitigation of the manmade eco-environmental impact, in order to propose improvements over the 
sustainable management of the fragile aquatic ecosystems in the Attica region. 


Keywords: Attica region; lagoons; lakes; manmade interventions; marshes 
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1. INTRODUCTION 


It has been observed that anthropogenic pressures and interventions in recent decades, such as 
intensification and development of agriculture projects, embankments, exsiccation, wood cutting, 
deforestation, industrial sittings, urban and touristic development, dams and reservoirs, uncontrolled 
watering from surface water tables and uncontrolled pumping of underground waters, may seriously 
affect the environmental balance of inland and coastal environments (wetlands, lagoons, Deltas, 
estuaries and coastal areas)[1]. These uncontrolled anthropogenic pressures and interventions in 
several cases cause fragile aquatic ecosystems and water resources degradation and loss by 
changing water quality, quantity, and flow rates; increasing pollutant inputs; and changing species 
composition as a result of disturbance and the introduction of nonnative species [2]. Also, these 
anthropogenic activities may lead to environmental degradation of river waters, lakes and lagoons 
or hydro-geomorphological changes and constitute the cause of environmental destabilization [3]. 
The region of Attica hosts a number of fragile aquatic ecosystems and water resources, including 
wetlands, lagoons, marshes and some dams (water supply, flood control dams, water storage basins, 
etc.). Smaller wetlands can also be found in various locations especially in the coastal zone. Typical 
examples of these fragile aquatic ecosystems would be the protected wetland (Mega Elos) located in 
the National Park of Schinias-Marathon and the lakes Koumoundourou and Vouliagmeni, both 
consisted of a mixture of salt and fresh water. An important water resource for the Attica region is 
the Marathon Lake, a water supply reservoir, formed by the construction of Marathon dam, in the 
Inois river valley in northeastern Attica. 

The timely and accurate information regarding multiple stressors causing deterioration on 
fragile aquatic ecosystems and water resources, the proper environmental impact assessment and 
the systematic monitoring can provide important input to managing and mitigating the negative 
effects of human land management and freshwater ecosystems and sensitive wetland habitats. 


2. MATERIALS AND METHODS 


2.1 Research site location 

This paper deals with the fragile aquatic ecosystems and water resources, i.e. the wetlands, 
deltas, estuaries, lakes, ponds, lagoons and marshes, in Attica region. Most of these ecosystems, 
have suffered serious alterations from the manmade interference, in the wider area or on their 
coastal zone. This study mainly focuses in some wetlands which have undergone alterations due to 
anthropogenic pressures and interventions. These fragile aquatic ecosystems (wetlands, deltas, 
estuaries, lakes, ponds, lagoons and marshes), should be located in Attica region and especially: 1. 
Asopos river delta-estuaries (1 Att WETL) near Halkoutsi at South Euboean gulf, 2. Oropos lagoon 
(2AttiWETL), near Ag. Konstantinos and northeastern of Halkoutsi at South Euboean gulf, 3. 
Schinias marsh (Mega Elos)(3AttiWETL) located in the National Park of Schinias-Marathon at 
Marathon gulf (South Euboean gulf), 4. Mega Rema marsh (4AttiWETL) Mega rema of Rafina 
stream estuaries in Rafina at South Euboean gulf, 5. Artemida marsh (Loutsa)(SAtttWETL) in 
Artemida at South Euboean gulf, 6. Vravrona marsh (6AttiWETL) near Vravrona and Poria at 
South Euboean gulf, 7. Alykes of Anavyssos marsh (7AtttWETL) in Anavyssos at Saronikos gulf, 
8. Anavyssos lagoon (8AttiWETL) southwestern of Anavyssos at Saronikos gulf, 9. Lagonisi 
lagoon (9AtüiWETL) in Lagonisi at Saronikos gulf, 10. Vouliagmeni lake (1OAttiWETL) 
southeastern of Vouliagmeni at Saronikos gulf, 11. Koumoundourou lake (11AttiWETL) near 
Skaramangas and Aspropyrgos at Elefsina gulf, 12. Vourkari marsh (12AttiWETL) near Megara 
and Nea Peramos at Elefsina gulf, 13. Psathas marsh (13AtttWETL) near Alepochori and Porto 
Germeno at Korinthiakos gulf, 14. Psiphta lagoon (14AtttWETL) northwestern of Troizina at 
Epidavros gulf, 15. Troizina marsh (15AttiWETL) northeastern of Troizina at Saronikos gulf, 16. 
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Alyki lagoon (16AttiWETL) southeastern of Galatas at Aegean sea [4,5]. In the Attica region have 
been constructed and operate, as mentioned below dams and reservoirs (artificial lakes), which are 
used for various uses (water supply, flood control dams, water storage basins, etc.): 1. On the main 
river channel of Inois has built and operates the water supply dam “Marathon” (1AttiArtL). The 
construction of this dam was completed in 1929. 2. In the Rapentosa Basin, near Vranas, in 2004, 
has built and operates the “Rapentosa” flood control dam (2AttiArtL). 3. At the northeastern side of 
Mount Parnitha, in Ippokrateios Politeia, has formatted, in 1975, an artificial lake (Beletsi 
lake)(3AttiArtL) the waters of which are used for the fire protection of Mt. Parnitha. The Schinias 
Olympic Rowing and Canoeing Centre was built to host the rowing and canoe sprint events at the 
Summer Olympics (2004) in Greece. It covers 1.24 km? [6,7,8,9]. 

It should be noted that Inois river is one of the biggest rivers of Attica. Inois estuary includes 
the mouth of Inois river or Haradros to the Marathon bay in the northeastern coastal area of Attica, 
the Marathon coastal plain, the desiccated Vrexizas fen (before the decade of 1960) to the southwest 
of the Inois river mouth, the Schinias marsh, as well as the pine forest (Pinus pinea & Pinus 
halepensis). It drains an area of almost 177.2 km in northeastern Attica and discharges at Marathon 
gulf. The terrestrial part of the coastal zone of the Marathon gulf of is of low relief, consisting of 
low-lying terraces, alluvial plains, valleys and eroded plain-surfaces. The subaerial part of the zone 
is sandy having its larger width at its northern part; some 25 m. The backshore is associated with a 
low-relief sand dune field which is better developed to the north Haradros mouth area, where the 
well-known pine-tree forest occupies the dune field [10]. The northeastern part of the area includes 
the Schinias-Marathon National Park, which is a protected area (Natura 2000: GR 3000003). This 
protected area is one of the most important ecosystems in Greece (Figures. 1,2,3,4&5). 


Figures 1,2,3&4: Schinias marsh (Mega Elos) and pine forest (Pinus pinea & Pinus halepensis) 
in the National Park of Schinias-Marathon (3AttiWETL) at Marathon gulf 
(Figures 1,2&3, Photos by Asimina Mertzani)(Figure 4, Source of aerial 
photos: TripInView/Geotag Aeroview 2014). 


National Park of Schinias-Marathon (Natura 2000: GR 3000003): A wetland with sweet, salty 
and brackish water, reeds, trees, halophytic vegetation and wet meadows, which floods regularly. 
The wetland of Schinias is consisting of a marine bay into a lagoon and a marsh with bilateral 
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supply from the shore (torrents and springs) and the sea. The wetland of these ecosystem hosts a 
large number of migratory birds during the migration seasons and attracts thousands of visitors and 
birdwatchers every year and is equipped with special observatory view posts. The wetland performs 
a number of valuable ecological functions: Supports wide variety of life, holds rainwater, enriches 
with this aquifer and ensures the balance of the climate. After the hydraulic works, that were 
implemented, (broaching of drainage ditches in 1923 and the salination of water lines), the quantity 
of water resulting in the wetland had been limited (Figure 6). Moreover, the abstractions and the 
alteration of the hydrologic regime from the draining channels, led to the gradual extinction of small 
habitats of the area and mainly of the seasonal ponds. The coastal pine forest (one of the few 
remaining in the Mediterranean) is located between the wetland and the sea, on a sandy area with 
dunes and is one of the three pine forests in Greece. The stone pines or umbrella pines (Pinus pinea) 
with the characteristic crown-like umbrella, spread mainly on the west of the forest, while to the 
east, it coexists with aleppo pine (Pinus halepensis), which gradually replace it. The forest covers 
area of about 3.5km on a sandy strip about 400m wide and presents a lowland character. The slopes 
are smooth, 0-295, and only the sandy coastal zone presents a higher inclination towards the sea 
[11]. 


Figures 5&6: Schinias Olympic Rowing and Canoeing Centre, in the National Park of Schinias- 
Marathon (Fig. 5)(Source of aerial photos: TripInView/Geotag Aeroview 2014). 
Marathon water supply dam and artificial lake (1AttiArtL) (Fig. 6, Photo by 
Asimina Mertzani). 


It should be noted that most the names of fragile aquatic ecosystems and water resources and 
wetlands and all the codes (e.g. 1AttiWETL) have been given by the study group for the studied 
areas. These codes are combinations of letters and numbers. The number represents the scenting 
number of the relevant category (e.g. 1). The letters represent the initials of the prefectures' name 
(e.g. Atti=Attica). The end of the code represents the initials of these aquatic resources and wetlands 
(e.g. WETL= Wetland). 


2.2 Study methodology 

For the depiction of the environmental situation of the depiction of the environmental situation of 
the fragile aquatic ecosystems and water resources (wetlands, deltas, estuaries, lakes, ponds, 
lagoons and marshes) of Attica region, involved a series of different stages: the study of 
bibliographical references, systematic in situ observations (field-work), measurements using the 
Global Positioning System (GPS) satellite signals, observation and direct digitizing on the basis of 
different aged aerial photos (TripInView) and satellite images (Landsat, Google Earth) [12]. For the 
assessment and evaluation of the impact caused by certain human activities to the environment and 
geomorphology of the areas under study and especially, to the hydro-geomorphological processes in 
the coastal zones, shorelines, lagoons, deltas, lakes, ponds, marshes, wetlands and watersheds, have 
been used aerial photos various years and scale as well as satellite images [12]. The “in situ” 
observations were conducted, at least, every 5 years during the months of April, July, October and 
January for the years 1996, 2001, 2006, 2011 and 2016, in selected places of each aquatic 
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ecosystem under study. All primary data were imported in an apposite database and were 
transferred in topographical map and onto satellite images. Thus the database was developed and 
updated with data deriving from different sources. Data were analyzed quantitative and qualitative, 
while apposite thematic checklists, cumulative charts and tables were created. 


3. RESULTS - DISCUSSION 


3.1 Anthropogenic pressures on the fragile aquatic ecosystems and water resources of Attica 
region - Environmental impacts 

Anthropogenic pressures and interventions in the areas under study, had different aims in each 
location, but all of them resulted in the disruption of the natural environment and alteration of the 
dynamic evolution of the hydro-geomorphological processes, leading to the creation of an 
"artificial" environment, controlled to a considerable extend by humans. The possibility of 
environmental destabilization is  re-strengthened and re-enforced in the long run 
[13,14,15,3,1,4,5,16]. Unfortunately, most of the fragile aquatic ecosystems and water resources of 
Attica region are being degraded and are under imminent threat by multiple human-induced 
pressures (Figures 7,8,10,11,12,14& 15). The main anthropogenic degradation and stresses on these 
ecosystems includes wetland draining, intensification and development of agriculture projects, river 
engineering works, hydroelectric dams, water pollution, holiday home building, and uncontrolled 
water abstraction from surface & underground water tables. 


Figures 7&8: Asopos river delta-estuaries (1AttiWETL) near Halkoutsi (Fig. 7) and Artemida 
marsh (Loutsa)(5 Ati WETL) in Artemida (Fig. 8) at South Euboean gulf (Source of 
aerial photos: TripInView/Geotag Aeroview 2014). The main anthropogenic 
degradation and stresses on these ecosystems includes wetland draining, 
intensification and development of agriculture projects, river engineering works, 
water pollution, holiday home building, and uncontrolled water abstraction. 


The intensification of multiple anthropogenic pressures and interventions in recent decades in 
the river mouths, deltas and lagoons and in the drainage basin of its rivers has affected the natural 
ecosystems, especially degrading sensitive wetland habitats [4,5,16]. The construction and 
operation of the Marathon water supply dam in the drainage basin of Inois river (or Haradros) and 
"Rapentosa" flood control dam, in the Rapentosa basin, may seriously affect the environmental 
balance of wetlands in the river mouth areas (Figures 6&11). The most common man-made changes 
on the natural environment of the delta areas, river mouths, marshes, lagoons and lakes, under 
study, are: a. Alterations to the fauna, the flora and the local natural ecosystems, b. Landscape 
changes, c. Alterations to the surface and underground waters and c. Alterations on the geological- 
geomorphological features and the hydro-geomorphological processes. 
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Below there are presented the cumulative chart of the anthropogenic pressures and 
interventions that stress the fragile aquatic ecosystems and water resources (wetlands, deltas, 
estuaries, lakes, ponds, lagoons and marshes) of Attica region (Figure 9). This Cumulative chart 
serves as a "tool" for the reduction of manmade eco-environmental impact on the wetlands, deltas, 
estuaries, lakes, ponds, lagoons and marshes in Attica region and the rational environmental 
management of these fragile aquatic ecosystems and waterresources, offering an overall 
visualization of the pressures/impact, in order to protect the function and value of wetlands. 
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Figure 9. Cumulative chart of the anthropogenic pressures and interventions that stress the fragile 
aquatic ecosystems and water resources of Attica region 


It should be noted that in the cumulative chart of Figure 9, each one of the anthropogenic pressures 
and interventions that stress the fragile aquatic ecosystems and water resources of Attica region 


receive one point. The legend of Figure 9 are: [001]. Intensification and development of agriculture, [002]. 
Construction of irrigation channels and drainage pits, [003]. Deepening and creation of channels, [004]. Construction of 
drainage - anti flooding protection works, [005]. Construction and function of large dams and reservoirs (hydroelectric 
power dams, irrigation dams and water supply dams) on the main bed of the river (>15.0 m height or reservoir volume 
> 3.0 million m°), [006]. Construction and function of large dams and reservoirs (hydroelectric power dams, irrigation 
dams and water supply dams) on tributaries of major river (>15.0 m height or reservoir volume > 3.0 million m°), [007]. 
Intense construction of anti-erosion works in mountainous catchment basins (small dams, etc.), [008]. Intense 
construction of coastal defence management schemes (seawalls, breakwaters, groins, revetments, rock armour, gabions, 
beach replenishment, sand dune stabilization, etc.), [009]. Construction of jetties in the coastal zone, [010]. Motorway 
in operation or under construction, [011]. National or provincial roads in operation or under construction, [012]. 
Opening up new agricultural and forest roads, [013]. Railway line in operation or under construction, [014]. 
Infrastructure works, [015]. Wood cutting, intense deforestation/Forest fires, [016]. Intense deforestation of riparian 
vegetation, [017]. Industrial activities upstream, [018]. Small business activities upstream, [019]. Urban and industrial 
development without any planning, [020]. Uncontrolled deposition of urban waste, industrial effluents, solid domestic 
and industrial waste, [021]. Excessive use of pesticides and fertilizers, [022]. Contamination-pollution (water & soil 
pollution, etc.), [023]. Alteration of the physicochemical characteristics - deterioration of the quality of water (salinity, 
etc.), [024]. Embankment-filling of lagoons or lakes with sediment, [025]. Drain of marshes, lakes lagoons/Exsiccation- 
desiccation of marshes and lakes, [026]. Canal shifting and entrenchment of the main river channels/river diversion 
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projects, [027]. Intense mining activities (quarries, mines)/in upstream, [028]. Sand and gravel extraction from river 
beds (in upstream), [029]. Uncontrolled watering from surface water tables, [030]. Uncontrolled pumping of 
underground waters, [031]. Mass touristic activities, recreation, [032]. Domestic use, [033]. Intense urbanization of 
large coastal zones with impacts on the natural environment and the local natural ecosystems, [034]. Holiday home 
building, [035]. Sources of water pollution/in upstream, [036]. Solid wastes/Rubbish water pollution, [037]. Grazing in 
the forest, [038]. Overgrazing, [039]. Hunting-poaching, [040]. Various off-road 4x4 and motocross races, [041]. Use of 
lagoons or lakes for fishery, water cultivations, [042]. Coastal farming - Fish farming in coastal waters «500 m from 
shore and «10 m water depth, [043]. Coastal farming - Fish farming in coastal waters «500 m from shore and >10 m 
water depth, [044]. Off-coast farming - Fish farming in coastal waters 500 m to 3 Km from shore and 10 to 50 m water 
depth, [045]. Use of lagoons for salt production. 


The identification, recording and evaluation of the multiple anthropogenic pressures and 
interventions that have been encountered as of now in the fragile aquatic ecosystems and water 
resources of Attica region, are summarized in Figure 9. The most important once are the following, 
in decreasing order: “Opening up new agricultural and forest roads-Code 12", “National or 
provincial roads/in operation or under construction-Code 11", *Urban and industrial development 
without any planning-Code 19", “Uncontrolled deposition of urban waste, industrial effluents, solid 
domestic and industrial waste-Code 20", *Contamination-pollution (water & soil pollution, etc.)- 
Code 22", “Sources of water pollution in upstream-Code 35" and “Solid wastes/Rubbish water 
pollution-Code 36" (Figure 9). 


Figures 10&11: National Park of Schinias-Marathon. The large number of bathers and 
uncontrolled car parking in the pine forest and sand dunes of the protected area, 
constitutes type of pressure on the natural environment (Fig. 10). The remains of 
roots of pine trees bear witness to the erosion phenomena and regression of the 
shoreline (Fig. 1 1)(Photos by Asimina Mertzani) 


Until the beginning of the 20" century, natural processes control the evolution of the Marathon 
plain, whilst afterwards, they are of less importance due to increasing human activities. During the 
last decades, a rapid expansion of constructing activities; buildings, roads, bridges, irrigation 
network, etc; reduces the wetlands and not-cultivated areas; pin-tree forest of Schinias, Drakonera 
lake, Marathon marsh [9]. Dune field in places has been abused by human activities; mainly due to 
building development (Figures 4,5& 10). 

The marine part of the shore zone as the rest of the Marathon gulf floor used to receive the 
water/sediment influx of the Inois river (Haradros river) that drains an area of 177.2 km? before the 
construction of the Marathonas dam. The wave energy is dissipated due to shallow bathymetry 
creating weak longshore currents that usually are not capable to initiate sediment transport [10]. On 
the main river channel of Inois has built and operates the Marathon water supply dam. The 
construction of this dam was completed in 1929. The surface of the artificial lake is about 2.45 km? 
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at full supply level. As a result, the Inois riverbed has presented significant changes to its network 
shape. In addition, a significant retreat of the shoreline (-100 m) near the Inois (Haradros) river 
mouth during the last 120 years, may be caused mainly by: 1. the drastic reduction of riverine 
sediment supply due to the construction of the Marathon dam, in 1929; and 2. The sand extraction 
from the lower course of the riverbed [9]. Erosion in this coastal zone is still active, and in spite of 
the presence of some protection measures (i.e. sea walls, artificial nourishment), the erosion rate is 
likely to increase because of the prospective rise of the sea level [6,7,8,9] (Figure 11). Currently, 
erosional phenomena have been observed to the south of the mouth of river Inois, whilst to its 
northern part not significant changes have been recognized so far [10]. According to Poulos et al. 
(2004) the human interference is related to: a. the construction of the Marathonas dam that basically 
inhibits fluvial sediment to reach the coast, b. coastal development plans, including the 
constructions for the Olympic Games of 2004 and c. several constructions related to the shore zone 
and the associated dune-field [10]. 
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Figures 12&13: Vouliagmeni lake (1OAttiWETL) southeastern of Vouliagmeni (Fig. 12) and 
Anavyssos lagoon (8AttiWETL) southwestern of Anavyssos (Fig. 13), at 
Saronikos gulf (Source of aerial photos: TripInView/Geotag Aeroview 2014). 


An important role in the eco-environmental impacts and geomorphological evolution of dynamic 
coastal areas and wetlands (river mouths, deltas and lagoons), seems to play the climate change 
with the subsequent “sea level rise". One of the consequences of the global climatic change is the 
loss of coastal land, coastal wetlands, deltas, lagoons and marshes (inland and coastal 
environments), which are important for their environmental and economic values, due to a potential 
sea level rise; on a global scale, the latter has been predicted to be in between 38 and 68 cm for the 
year 2100, according to the latest report by the IPCC [17]. The future regression of the shoreline, 
primarily caused by the climate change and the rising sea level, is expected to affect harshly the low 
lying coastal areas (Figures 1,2,3,4,7,8,11,13,14& 15). 
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Figures 14&15: Oropos lagoon (2AttiWETL), near Ag. Konstantinos and northeastern of 
Halkoutsi at South Euboean gulf. The future regression of the shoreline, is 
expected to affect harshly the low lying coastal areas, such as those in the pictures 
(Source of aerial photos: TripInView/Geotag Aeroview 2014). 
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3.2 Strategy for the mitigation of the manmade eco-environmental impact 

For the rational environmental management of the fragile aquatic ecosystems and water resources 
of Attica region in order to address the environmental impact of projects and activities and in order 
to restore gradually the disturbed balance of affected natural ecosystems, many measures have to be 
taken. These include the use of specialized environmental protection measures, strict control and 
monitoring of these measures and the safeguarding of the boundaries of protected areas. The main 
protective measures listed below, are: 1. Detailed surveying, identification and high spatial 
resolution mapping of the fragile aquatic ecosystems and water resources under study, 2. 
Comprehensive study of all habitats in the different sites of Attica region, 3. Comprehensive study 
of the geological, geomorphological and hydrogeological characteristics of the areas under 
investigation, such us the wetlands, deltas, estuaries, lakes, ponds, lagoons and marshes that exist in 
Attica region, 4. Reduction of pollutant emissions and more generally of the environmental impact 
of the different anthropogenic pressures and interventions, 5. Reevaluation of locating the different 
anthropogenic pressures and interventions under study and taking adequate measures, 6. 
Reevaluation of the operation of treatment plants of urban waste water and taking adequate 
measures, 7. Reevaluation of the operation of industrial wastewater treatment plants and livestock 
installations and taking adequate measures, 8. Reevaluation of the operation of industrial and 
manufacturing installations wastewater treatment plants as well as livestock installations and taking 
adequate measures, 9. Reduction of gaseous pollutant emissions and aerosols, 10. Implementation 
of municipal solid waste management projects, 11. Implementation of projects on waste 
management and recycling, 12. Implementation of hazardous and toxic waste management projects, 
13. Implementation of water saving programs in irrigation and industrial production, 14. Reduction 
of fertilizers, herbicides, and pesticides in agricultural production, 15. Implementation of ecosystem 
restoration project for improving and increasing aquatic and terrestrial habitats and ecological 
function in the lakes, lagoons, deltas and its tributaries. The “Ecosystem Restoration Program" is 
guided by the following six strategic goals [18]: a. Recover endangered and other at-risk species 
and native biotic communities, b. Rehabilitate ecological processes, c. Maintain or enhance 
harvested species populations, d. Protect and restore habitats, e. Prevent the establishment of and 
reduce impacts from non-native invasive species, and f. Improve or maintain water and sediment 
quality, 16. Multi-temporal monitoring of the broader area of the fragile aquatic ecosystems and 
water resources under study. 


4. CONCLUSIONS 


The intensification of multiple anthropogenic pressures and interventions in recent decades in the 
wetlands, lakes, lagoons and marshes of Attica region and in the drainage basin of its rivers and 
streams, has affected the natural ecosystems, especially degrading sensitive wetland habitats. The 
main anthropogenic degradation and stresses on these ecosystems includes wetland draining, 
intensification and development of agriculture projects, river engineering works, water supply 
dams, water pollution, holiday home building, and uncontrolled water abstraction from surface and 
underground water tables. Sprawling urban areas are also located in and near the lowland plains of 
these wetlands. 

The identification of anthropogenic pressures that stress the natural environment and 
specifically the deltaic ecosystems in combination with the proper assessment and evaluation of the 
impact, constitute part of the necessary strategic conservation planning and monitoring procedure. 
This is a baseline requirement for informing relevant management bodies in order to implement 
protection and restoration actions and foster sustainability in these biodiversity-rich areas. 

The appropriate design and the application of methods and techniques for the management of 
the fragile aquatic ecosystems and water resources is a condition for the preservation of the 
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equilibrium of the natural hydrological and geomorphological processes, the renewal of the natural 
resources and, in general, environmental protection. 
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Abstract 


Diffusivity is one of the main soil hydraulic properties. It is a critical parameter for the prediction of 
water transport within the vadoze zone. The aim of this paper was to establish the soil water 
diffusivity of a soil sample utilizing two experimental methods. The first method uses gamma ray 
measurements for the soil moisture. It utilized the proposed method by Whisler et al (1968), which 
requires knowledge of the complete soil moisture profile at certain distances from the beginning of 
the soil column. It is different than the one proposed by Bruce and Clute (1956), which requires 
knowledge of the entire soil profile at discrete times, which presents many difficulties during 
experiments especially when there is only one instrument available for soil water moisture 
measurements. The second method uses profile length observations, sorptivity, initial and final 
moisture content. The objective is to use a complex empirical function with three constants to 
generate the transformed soil moisture profile by treating the process as an optimization problem. 
The required conditions to compute the constants of the empirical function are: a) the analytically 
computed sorptivity should agree with the experimental one, and b) the beginning and the end of 
the transformed soil moisture profile should agree with the final and the initial water content 
correspondingly. Once an analytic function for the transformed soil moisture profile is determined, 
then diffusivity is calculated analytically. Integral continuity is preserved throughout the process. 
Both methods were verified using the water volume absorbed during the horizontal experiment and 
the results were very satisfactory. 


Keywords: diffusivity; soil water properties; horizontal absorption 


1. INTRODUCTION 


Soil hydraulic properties are very important in the prediction of water flow. The necessary properties 
are hydraulic conductivity, diffusivity and specific capacity (Bohne et al., 1995). Measurement of 
these properties is complex, time consuming and requires quite expensive instruments. 

Recently there is a tendency to consider soil water diffusivities of unsaturated soils as one 
significant soil hydraulic property. A method for measuring hydraulic conductivity and soil water 
diffusivity was described initially by Gardner (1956) using pressure plate outflow data. Bruce and 
Clute (1956) utilized horizontal absorption to relate soil water diffusivity to the volumetric water 
content. Their method is based on the Boltzman (1894) transformation and measurements of the 
water content slope distribution curve along the soil column. Since accurate determination of the 
slope is very difficult, errors arise also in the determination of soil water diffusivity. Whisler et al 
(1968) introduced a method that used the same theoretical analysis as that in the Bruce and Clute 
(1956) method, but the diffusivity is based on the water distribution as a function of time at a fixed 
position instead of the water content distribution with distance at a specific time. Clothier et al. 
(1983) utilized a fitting function from the ones proposed by Phillip (1960) to approximate the water 
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content distribution curve. This led to an analytical function for the description of the water 
diffusivity, but this function may not apply to all soil types. McBride and Horton (1985) developed 
a method of determining water diffusivity using an empirical fitting function for the soil moisture 
profile from horizontal absorption experiments, but require cumbersome calculations. Shao and 
Horton (1996) developed a method to estimate soil water diffusivity by using an analytical solution 
to horizontal redistribution based on general similarity theory. They assumed a power function 
relationship between soil water diffusivity and soil water content, which may not apply to all soil 
types. Simünek et al. (2000) used a parameter estimation approach to analyze horizontal infiltration 
data to obtain the diffusivity water content function. They utilize numerical inversion in order to 
gain additional information about the water retention curve and the hydraulic conductivity function. 
Wang et al. (2002) presented an analytical method to determine Brooks — Corey model parameters 
from horizontal infiltration. Wang et al. (2004) utilized cumulative infiltration, infiltration rate and 
wetting front distance in order to estimate the soil water diffusivity. However the assumption is a 
good approximation only when soil water content is close to saturation and so far limited number of 
soils has been used to test the assumption. Ma et al. (2009) developed an analytical method for 
estimating soil hydraulic parameters and they tested their method on nineteen numerical soils and 
not experimental data. They used the assumption of exponential flux distribution to determine 
Brooks and Corey model parameters. They utilized an experimentally revised shape coefficient to 
guarantee agreement of water content, soil tension, water flux distribution and cumulative 
infiltration estimated by the analytical method with those calculated by HYDRUS-1D software. 

The aim of this paper was to establish the soil water diffusivity of a soil sample utilizing two 
experimental methods. The first method uses gamma ray measurements for the soil moisture. It 
utilized the proposed method by Whisler et al (1968), which requires knowledge of the complete 
soil moisture profile at certain distances from the beginning of the soil column. It is different than 
the one proposed by Bruce and Clute (1956), which requires knowledge of the entire soil profile at 
discrete times, which presents many difficulties during experiments especially, when there is only 
one instrument available for soil water moisture measurements. The second method uses profile 
length observations, sorptivity, initial and final moisture content. The objective is to use a complex 
empirical function with three constants to generate the transformed soil moisture profile by treating 
the process as an optimization problem (Evangelides et al. 2010) and finally to extract the 
diffusivity coefficient directly from the transformed soil moisture profile. 


2. THEORY 


The one dimensional horizontal movement of water in unsaturated soil can be described by the 
equation (Bruce and Clute, 1956 and Whisler et al., 1968): 


a = 2 Deos 0«x«o (1) 
Ot Ox Ox 


where 0 is the water content (LL?) D is the diffusivity (LT 5, x is the position (L), and t is time 
(T). Equation 1 implies that Darcy's law is valid for unsaturated flow, whereas it is assumed that a 
unique relationship exists between the pressure head and the water content (Nielsen et al., 1962). 
The initial and boundary conditions for horizontal absorption are: 


O0(x,t) = 0; x>0,t=0 
O0(x,t) = 00 x=0,t>0 (2) 
O(x,t) = 0; x7 0,t>0 


where 0; is the initial water content (LL?) and 0, is the final water content LL’). 
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By introducing the Boltzman transformation À = x t. which assumes that the water content 0, 
is a single valued function of A, Equation (1) is transformed into the ordinary differential equation: 


1,d0 d dé 
“5 ape. (3) 


with the following boundary conditions: 


0, = 0; A — œ 
0x = D Àz0 


Integrating Equation 3 between the limits 0; and 0, yields: 


E" 
(a) 
dà J, 


According to Philip (1969), sorptivity (S) is given as: 


D(0.) =- fe ) dé (4) 


Oo 
S = [2 d0 (5) 
The cumulative infiltration (I) to the wetting front can be expressed as: 
0, 
I= [x do (6) 
Equations 5 and 6, using Boltzman transformation, become: 


Secr (7) 


Assuming an empirical function with three constants (a, b and c) for the transformed soil 
moisture profile: 


ola) = —|o, +a tan "(b r+c)| (8) 


or 


(0) = p Pte.) 1 (9) 


The Equation 8 and 9 have similar form to the one proposed by Evangelides et al. (2005) for 
the transformed soil moisture profile, but with three constants instead of four. 
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Sorptivity (Equation 5) using Equation 9 becomes: 


cos —- 
Oo Cc a a 
S= | Ad0= 0, —0,)- — In 10 
d p e ) b 0, +0, S) 
COS 
a 
Diffusivity (Equation 4) as a function of 0 using Equation (9) becomes: 
1 1 0, 
D(0.) = -————| Ad0= 
C | a Í, 
dA Jy 
2 
11 
0.5 : * (0, -6,)+= In : 
a b b b 0. + ^ 
cos ———- 
a 


which gives diffusivity analytically at any 0, between 0; and 0, once a, b and c are determined. 


3. MATERIALS AND METHODS 


The physical problem was studied in the laboratory using a plexiglass cylindrical column, 100 cm 
long, 6 cm inside diameter, and placed horizontally. The bulk densities and the moisture content 
were measured by y-ray absorption method (Davidson et al., 1963; Reginato and van Babel, 1964; 
Vachaud and Thony, 1971). The device of y-ray contained a 300 mCi Americium —241 source. The 
Americium source and the photomultiplier detector (including a Nal crystal and preamplifier) were 
set on a platform connected to a stepper motor. In this way one can follow the development of water 
profiles in the column over time. 

Soil sample was filtered through a 1 mm sieve in order to remove foreign particles, dried in 
105° C for 24 hours and crumbled. Then it was packed in a transparent plexiglas column with 100 
cm length and 6 cm inside diameter 

The soil sample was graded from 0.425 to 0.6 mm in order to be homogeneous. The column 
was packed using a soil placement method with free-failing soil passing through a sequence of 
sieves. With this method, a good homogeneity of sand packing can be achieved. The soil column 
had a mean bulk density of 1.593+0.015 g/cm? and was 100 cm high. All experiments were carried 
out at a constant temperature of 21+1°C. Measurements were also obtained for saturated moisture 
content 0,20.385 cm /cm, the residual moisture content which is equal to the initial moisture 
content 0, = 0.006 cm"/cm?. The experimental setup is shown in Figure 1. 

Water was applied at the initial time t = 0 to the one end of the sample (x=0) under zero 
constant-head in order to obtain boundary condition 0570s. A fine plastic screen was used at both 
ends of the column, in order to prevent the soil from dispersing during the experiment. The water 
pressure entering the column was controlled by a Mariotte burette, which was connected to the 
column by means of a transparent plastic tube. Continuous monitoring of the water entering the 
column was possible since the Mariotte burette was placed on an electronic digital scale. Water 
content, as a function of time, was measured by scanning the column with gamma rays (Davidson et 
al., 1963; Reginato and van Babel, 1964) at positions 11.3, 33.3 and 52.3 cm from the beginning of 
soil column (Whisler, 1968). Wetting front distance with time was also observed visually based on 
obvious color differences at the interface of wet and dry soil (Evangelides et al., 2010). Saturated 
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water content was measured volumetrically after the end of the horizontal absorption by continuing 
the wetting process in a vertical position until saturation. 


"ud 
 MENN- [Recording device 


— ——————À 


Figure 1. Horizontal soil column. 


4. RESULTS AND DISCUSSION 


The transformed profile was determined from the y-ray measurements of soil moisture versus time 
in the three predefined positions. This experimental profile was fitted with the generalized Equation 
9 and the three constants were determined, as shown in Figure 2 with an Relative Mean Square 
Error (R.M.S.E.) of 1.5E-02 and a correlation coefficient of 0.9. Using the three constants and 
Equation 11 D(0) was determined analytically (Figure 4). 

At the visual method, cumulative infiltration was calculated from the volume of the absorbed 
water and the cross section of the column at the end of profile lengths on specific times. 
Consequently from the calculated infiltration, and the time that profile arrived at a certain position 
Equation 7, sorptivity was calculated. Finally the transformed profile length was calculated through 
Boltzman transformation. The results of this procedure are presented in Table 1 and Figure 3. 


Table 1. Values obtained through the visual experimental process. 


t(min) I(cm) S(cm/min®>) Xprofile(CM) A(cm/min!^) 
0.00 0.0000 0 
2.20 6.1290 4.1322 24 16.1808 
7.00 11.0163 4.1638 42 15.8745 
9.40 12.6869 4.1380 49 15.9820 
16.30 16.7589 4.1510 65 16.0998 
20.00 18.5561 4.1493 12 16.0997 
Average 4.1468 16.0474 
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Figure 2. Experimental points obtained with y-ray and fitted profile. 

0.45 
0.40 - 


o 
- 
© 


— transformed profile from optimization 


e 
ES 
tA 


Soil moisture, 0 (cm"/cm?) 


eq. 11 
a — 0.172510 
0.10 b = 0.319798 
c = -3.934336 
0.05 
0.00 
0 2 4 6 8 10 12 14 16 


Transformed soil moisture profile, à (cm/min'^) 


Figure 3. Experimental points obtained with visual method and fitted profile. 
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Using the values of the sorptivity of the visual inspection, initial and final moisture content in 
Equation 9 the transformed profile was generated through optimization process using conjugate 
directions. Using the three constants and Equation 11 D(0) was determined analytically for the 
visual process (Figure 4). 


700 
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a 200 + x visual 
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a 
100 + x 
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di 
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0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 


Soil moisture, 0 (cm?/cm’) 


Figure 4. Difissuvity 


5. CONCLUSIONS 


The original Bruce and Clute method requires knowledge of the soil moisture profile during 
horizontal absorption of the whole sample at different times. This was feasible, because moisture 
content was measured volumetrically after sectioning the soil column. On the contrary nowadays 
since there are limited moisture measuring devices, it is preferable to measure a whole profile in 
specific positions. In this article this method is compared with a visual method that was developed 
by our laboratory during a horizontal experiment. 

The advantages of the described visual method is that there is no need to measure soil moisture 
since the transformed wetting profile is recreated from visual distance measurements, water volume 
measurements and optimization. Consequently, there is no need for expensive equipment. 

The results show that there is a very satisfactory agreement in establishing the diffusion 
coefficient between the two methods providing that the wetting profile is sufficiently visible. The 
diffusivity was found to be 610 cm’/min with the y ray method while was 584 cm’/min with the 
visual method. Additionally, the correlation coefficient between the two methods was found to be 
0.999. 
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Abstract 


Vegetation is an integral part of river environment, covering a wide range from flexible low grass to 
bushes or trees with rigid stems. In general, the presence of vegetation affects considerably the flow 
field, increasing flow resistance, altering local flow conditions and promoting sedimentation of 
suspended material and light penetration. Therefore the study of flow through vegetation is 
indispensable for developing river management strategies incorporating flood control, environ- 
mental and ecological objectives. The key to this aim is the understanding and quantification of 
physical processes governing the complex interaction between water flow and vegetation. Despite 
considerable research on various aspects of flow through vegetation, there is no systematic 
investigation of the effect of element geometry on the flow field. 

Experimental measurements were conducted in a laboratory channel with artificial vegetation 
simulated by compound elements consisting of a sphere on top of a thin rod for various flow 
conditions. The elements were placed in three patterns, with densities of 100, 200 and 400 
stems/m?. Velocity profiles and turbulent shear stresses were measured by means of a 3-D ADV 
instrument at selected locations within the vegetation array. The results indicate a significant 
decrease of longitudinal velocity in most points, especially at the level of the sphere and between 
successive elements in the flow direction. Also, large and highly non-uniformly distributed shear 
stresses are observed. The results suggest that the effect of vegetation elements is higher close to 
them and at the level of their larger volume, not necessarily near the bed. 


Keywords: open channel flow; vegetation; velocity profiles; shear stress 


1. INTRODUCTION 


The presence of vegetation in rivers, streams and riparian zones affects significantly the flow field 
and consequently the resistance, pollutant dispersion, sediment transport and ecological habitat. 
Vegetation is an integral part of river environment, covering a wide range of conditions from 
flexible low grass to bushes or trees with rigid stems. Furthermore, in vegetated areas dissolved 
nutrients and contaminants tend to accumulate. In general, the presence of vegetation affects 
considerably the flow field, increasing flow resistance, altering local flow conditions and promoting 
sedimentation of suspended material. Besides, the low flow environment within vegetated areas 
provides shelter for fish and aquatic invertebrates. Therefore the study of flow through vegetation is 
indispensable for developing river management strategies incorporating flood protection, 
environmental and ecological objectives. The key to this aim is the understanding and quantification 
of physical processes governing the complex interaction between water flow and vegetation. For 
this reason, a lot of research has been carried out in recent years on various aspects of flow through 
vegetation. A comprehensive overview of the hydrodynamic features of such flows is given by 
Nepf [1]. Much work has focused on the resistance characteristics of the vegetation canopy, initially 
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simulated as an array of cylindrical elements, e.g. Stone and Shen [2]. Also, studies on flow field 
characteristics have been performed, such as by Dunn et al [3] and Fairbanks [4] for rigid elements, 
Velasco et al [5] and Carollo et al [6] for flexible elements. Numerical simulation of flow and 
turbulence in vegetated channels has also been attempted, e.g. by López and García [7] and by 
Souliotis and Prinos [8]. According to Kostidou and Christodoulou [9] the element geometry affects 
very significantly the overall resistance. However, there is no systematic investigation of the effect 
of element geometry on the flow field. 

The aim of the present paper is to assess the effect of an array of compound rigid elements, 
resembling submerged small plants, on key features of the flow field, namely the velocity profiles 
and turbulent stresses. It is part of an on-going study of the flow field for a variety of elements’ 
geometry and density, so as to identify and quantify the most significant parameters affecting the 
flow. This is considered as a necessary first stage before proceeding to flexible elements, which 
have the additional complexity of reconfiguration in response to the flow [1]. 


2. EXPERIMENTS 


The experiments were conducted in a laboratory flume, 16 m long and 0.50 m wide, with slope 
0.001. A perforated bottom was installed, on which the vegetation elements were mounted in the 
middle part of the flume, 8 m long. The flow depth was controlled by a sluice gate located at the 
end of the flume to achieve a constant depth over the vegetation area. Each element consisted of a 3 
cm diameter plastic sphere attached on top of a rigid rod, 5 cm high and 0.8 cm in diameter. The 
elements were placed on a 10x10 cm mesh, i.e. with plan density 100 stems/m’, as shown in Fig. 
1(a). Two flow rates were applied and for each of them two flow depths. Baseline runs were also 
conducted to obtain the flow conditions for the same flow rates and depths with no vegetation for 
comparison purposes. 

The flow discharge was measured by means of a venturi meter and a differential manometer 
installed in the laboratory supply line, whereas the flow depth was recorded by a point gauge along 
the flume axis. Velocity measurements were obtained by means of a 3-D ADV instrument (ADV 
Lab Ver. 2.7 Probe N0187 Nortec AS) on vertical lines at selected locations within the vegetation 
array and downstream of it. 
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Figure 1. (a) Plan view of vegetation arrangement; (b) location of measurement points presented 
(arrow denotes the flow direction). 
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3. RESULTS AND DISCUSSION 


Sample results are shown below, for the case of discharge Q = 22.4 I/s and depth h = 15.4 cm, for 
six measurement locations within a 10x10 cm cell of the vegetation array, as shown in Fig. 1b, and 
two locations on the channel axis downstream of the vegetation, at distances 50 and 100 cm. 
Figures 2, 3 and 4 show the (temporal) mean longitudinal velocity (U,) profiles and the turbulent 
stresses (U',U',) along the vertical at these locations. Specifically, Fig. 2 presents the results at 
locations across the channel (B, E, H), whereas Fig. 3 shows the results at locations along the main 
flow direction (I, H, G, J). Fig. 4 includes the two locations downstream of the array (T1 at 50 cm, 
T2 at 100 cm). For comparison, the respective profiles for flow without vegetation are included in 
the figures. 
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Figure 2. Vertical profiles of mean (a) U, and (b) U',U'; 
at locations across the main flow within the vegetation 
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Figure 3. Vertical profiles of mean (a) Ux and (b) UU; 
at locations along the main flow within the vegetation 
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Figure 4. Vertical profiles of mean (a) Ux and (b) U',U'; 
on the channel axis downstream of the vegetation 


A very pronounced velocity defect is observed in most locations within the vegetation. In 
particular, as we move across the channel the maximum effect of vegetation is seen at point B, i.e. 
at the mid-point between elements in the flow direction, where the velocity defect extends well 
below the spherical part of the element. A significant velocity defect is also observed at point E, but 
more restricted vertically, roughly at the level of the sphere. The least deviation from the no- 
vegetation velocity profile occurs at point H (center of the 10x10 cell). Concerning the longitudinal 
section at the mid-distance between elements, nearly the same velocity profile is observed at most 
points (G, J, D, with sharp decrease of velocity at the level of the bottom of the sphere. It is 
noticeable that in all cases the observed velocity defect within the vegetation mimic array seems to 
be compensated in the region above the elements. Concerning the downstream points T1 and T2, 
the effect of the vegetated area on the velocity profile is minor and diminishing with distance. 
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Regarding the xz turbulent stresses, much higher values compared to the no-vegetation case are 
observed, generally increasing upwards. Of particular notice is the highly non-uniform distribution 
occurring at most measurement locations within the vegetation array, indicating the development of 
intense shear layers. It is also noticed that high turbulent stresses persist downstream of the 
vegetated area, despite the fact that the main velocity has almost returned to the no-vegetation 
profile. 


4. CONCLUSIONS 


Indicative results are presented of an on-going experimental study aiming at the assessment of the 
effect of geometry of vegetation elements on the flow characteristics. They concern the velocity and 
shear stress profiles within an array of compound rigid vegetation elements consisting of a sphere 
on top of a rod, placed with plan density of 100 stems/m?. Very significant reduction of longitudinal 
velocity in most points within the vegetation array, especially at the level of the sphere and between 
successive elements in the flow direction, was observed as well as large and highly non-uniformly 
distributed shear stresses. The results suggest that the effect of vegetation elements is higher close 
to them and at the level of their larger volume, not necessarily near the bed. Further work proceeds 
with more measurement points, flow conditions, density and geometry of elements. 
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Abstract 


This study examines a groundwater management model, in which the solution is obtained through a 
combined simulation- optimization model. The most widely used numerical groundwater flow 
model, MODFLOW, which is a three-dimensional model that uses finite difference method for 
solving the governing groundwater flow equation, is used as the simulation model. This model is 
then connected to the harmony search algorithm, one of the most emerging and successful meta- 
heuristic optimization techniques, which simulates the quest for perfect harmony in music. In this 
paper, this technique is applied to a theoretical example found in the manual of Modflow for 
comparison purposes, by examining the optimization of its aquifer system in terms of minimizing 
the cost of pumping drilling. For this application a specially designed computer software program- 
med in MATLAB environment is developed, while the created software allows users to have a 
visual image of the piezometric surface in the whole aquifer system area through plotted graphs. 
More specifically, while the positions of the pumping wells and the total required demand for the 
pumping wells from the three aquifers system are known in advance, the optimal spatial distribution 
of the pumping rates is determined. The results show that the combined model provides a very 
useful solution and can be used to solve complex groundwater management problems. 


Keywords: groundwater resource management; groundwater flow simulation model; Modflow; 
Harmony search algorithm; optimization 


1. INTRODUCTION 


Since groundwater aquifers constitute one of the main sources of water for domestic and 
agricultural use, intense measures for ensuring good quality and sufficient quantity, are demanded. 
For this reason, it is of most importance to develop suitable simulation and optimization models for 
the determination of the optimal operation of pumping wells, in order to ensure the maximum 
coverage of the demands while at the same time, keeping the operational and maintenance cost of 
the system to a minimum and respecting the protection of the environment. 

Groundwater mathematical flow-simulation models, considered to be absolutely necessary 
tools for the rational management, are usually non-linear [1]. These models are often combined with 
optimization algorithms in order to determine the optimal policy amongst a number of potential 
alternatives. A novel metaheuristic optimization algorithm, the Harmony Search Algorithm (HSA) 
was introduced in 2001 by Geem et al. [2]. 

Ayvez [3] applied the HS algorithm combined with the use of the groundwater flow-simulation 
model MODFLOW and concluded that this algorithm can successfully converge to at least the 
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same, and in some cases better, solutions than those derived from the application of other methods 
attempting to solve the same problem. 

The main target of this paper in the development of a groundwater management tool that can 
combine the tree-dimensional flow-simulation model MODFLOW with the Harmony Search 
Algorithm. For this reason, a theoretical problem with a known solution, in order to test the results, 
was used. The software combining the simulation and the optimization models was developed under 
the Matlab environment. 


2. HARMONY SEARCH ALGORITHM 


The Harmony Search Algorithm (HSA) is a metaheuristic optimization method inspired by music 
harmony. It was first introduced by Zong Woo Geem in his PhD thesis [4]. This algorithm is based 
on a stochastic random search technique whose natural corresponding system is the process for the 
search of a better harmony by musicians. The simplicity, the easy of convergence and the simple 
programming of the algorithm have contributed in the spreading of the applications of HSA in 
various fields. HSA applies the three following procedures in every iteration. Procedure ‘b’ is used 

(in a percentage) only if procedure ‘a’ is activated. Option ‘c’ is applied every time procedure ‘a’ is 

not selected: 

a. HS is choosing any value from HS Memory. This process is defined as Memory Consideration 
and it is very important because it ensures that good harmonies (values that give good results) 
will be considered through the solution. Moreover, these “good” harmonies will be the material 
(similar with parents in GA) for the creation of new, even better harmonies. In order to use this 
process effectively, Harmony Memory Considering Rate (HMCR) was defined. This index will 
specify the probability that new harmony will include a value from the historic values that are 
stored in the Harmony Memory. If this rate is too low, only few elite harmonies will be selected. 
As a result HSA will converge slowly. Of course an HMCR value of 1.0 is not recommended 
because the exploration of the entire feasible range will be obstructed and optimization will fail. 
Typical values of HMCR are always greater than 70%. 

b. Every component of the new harmony chosen from HM, is likely to be pitch-adjusted. For 
example a Pitch Adjusting Rate (PAR) of 10%, indicates that algorithm will choose neighboring 
values for the 1096 of the harmonies chosen from HM. The new harmony will include the value 
Xi ^" which will be: 

X;^" = x; + Random. bw, 

where, xj; is the existing pitch stored in HM, 
Random is a random number between 0 and 1, and 
bw is the bandwidth of the adjustment 

c. The third choice is to select a totally random value from the possible value range. Randomization 
occurs with probability (100-HMCR)96 and increases the diversity of the solutions. Although 
pitch adjustment has a similar role, it is limited in a local area. Randomization can drive the 
algorithm to explore the whole range and attain the global optimality. 


3. MODFLOW 


MODFLOW (Modular three dimensional finite difference ground water flow model) developed by 
U.S.G.S. is one of the most widely used groundwater flow-simulation models. MODFLOW is an 
open source program written in FORTRAN using a deterministic finite differences numerical 
scheme. 

The governing three-dimensional flow equation used by MODFLOW [5, 6] combines the 
Darcy law with the conservation of mass principle through the following equation: 


13^ International Conference on Protection and Restoration of the Environment 33 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


; A A A A 
" oh _ (s a) ô (x 2 ô (x x Ww (3.1) 


where: 

Kxx Kyy, K; are the values of the hydraulic conductivity along the three axes x, y and z (L/T) 
considered to be parallel to the main directions of flow, h, the hydraulic head (L), W, represents the 
sources and sinks (T, S,, is the storativity coefficient (L") and t, the time (T). 


4. DESCRIPTION OF THE APPLICATION 


The application used in order to demonstrate the proposed methodology was introduced by Michael 
G. McDonald and Arlen W. Harbaugh in 1988 [6] during the presentation of MODFLOW and it is 
still considered to be a prototype for the formulation of the input and output files of the software. 
This is why the problem is relatively simple but at the same time comprises several complex 
elements in order to demonstrate to the users the multi-dimensional possibilities of MODFLOW 
and the way they are introduced in the formulation of the input and output files and the processes 
for the discretization of the grid. 

This application comprises three permeable layers separated from each other by impermeable 
layers. The boundary conditions include a constant head boundary to the east simulating an existing 
lake. The aquifer system is replenished by infiltrating precipitation which is added to the first 
permeable layer. Outflows are a result of underground drains distributed across the first layer in 
different depths, of 15 pumping wells and of the proximity to the lake. Figure 1, presents the 
characteristics of the aquifer system. All layers are considered to be horizontal. The flow is steady- 
state, the aquifer is considered homogeneous and isotropic. Figure 2 presents the exact positions of 
the drains and the pumping wells. According to the reference status, the quantity of water pumped 
from each pumping well is considered to be 5 ft’/s. 
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Figure 1 Side-view of the aquifer system 
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Plan view of the aquifer system 
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Figure 2  Plan-view of the aquifer system. Active wells pumping from the 1“ layer are 
represented in orange, those from the 2™ layer, in green and those from the 3™ layer, in 
red. Blue dots represent the drains while grey ones, the constant head boundary. 


The optimization problem incorporated within the management model calls for the optimal re- 
distribution of the amount of water pumped from each one of these 15 pumping wells. The number 
of wells and their position are considered to be known and constant. The decision variables of the 
optimization model are the determination of the pumping rate of each well considering that they lie 
within pre-defined boundaries. The objective function of the optimization model is defined as the 
pumping cost expressed as the product of the pumping rate and the water-level drop at each well 
location (equation 1). 


N 
z = min D S; * a (1) 


i=1 


The constrains of the optimization model are: 
e The total amount of water abstracted from these wells must be at least equal to the total 
demand, as expressed by the current practices. 


N 
Q; 20 (2) 
[-] 


l 


where Q =75 ft/s. 
e The pumping rate of each well must lie within a pre-defined range in order to avoid 
dewatering of the aquifer. 


Qmin < Qi = Qmax (3) 
0 < Qi < 10 ft?/s (4) 
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5. COMBINED USE OF SIMULATION AND OPTIMIZATION MODELS 


A special software was developed using the MATLAB environment aiming at the combined 
use of the flow-simulation model (MODFLOW) and the optimization technique (HS algorithm). In 
the flow chart presented in figure 3, the proposed methodology is graphically demonstrated through 
the structure of the developed software. More specifically, during the 2 step, after the creation of 
the harmony memory HM, the resulting pumping rates Q; are corresponded to the actual wells i. 
The input files for MODFLOW are then created through this special software and then the 
simulation model is executed. The hydraulic heads are then calculated at the positions of the wells 
and the differences to the initial ones (for each one of the aquifers) are recorded as the water-level 
drop. The pumping cost as expressed by equation 1, defines the objective function of the 
optimization model. The special software also formulates the constrains and then executes the 
optimization algorithm. The results of the optimization model are then re-directed, if necessary to 
the simulation model etc. The whole procedure ends when no further optimization can be achieved. 
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Figure 3 Flow chart of the proposed methodology as described by the special software developed 
to combine the use of the simulation and optimization models 
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6. RESULTS OF NUMERICAL APPLICATION 


The program was executed for various combinations of the optimization model parameters. The 
best solution was accomplished using the combination HMS=50, HMCR=0.7, PAR=0.5 and 
IN=41797. This solution results to a pumping cost and a total water-level drop 18% and 14% lower 


than that corresponding to the reference status. 


programmed so that it can also produce graphical 


The developed combining software has been 
representations of the water-level distribution in 


the form of 3-D graphs (figures 4 and 5) as well as 2-D contours (figure 7). This representation is 
also available not only for the top layer, but for the underlying layers as well (figure 6). 
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Figure 4 3-D representation of water-level drop 
for the top aquifer under operating pumping 
wells conditions (m) 


Figure 5 3-D representation of the hydraulic 
head distribution for the top layer under 
operating pumping wells conditions (m) 
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Figure 6 Side view of the hydraulic head 
distribution before the operation of the wells 
(transparent grid) and during the operation of 

the wells (colored grid) 


Figure 7 Contours demonstrating equal water- 
level drop for the top aquifer under operating 
pumping wells conditions 
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7. CONCLUSION 


In this paper, a methodology is presented for the combined use of a flow-simulation model with an 
optimization algorithm aiming at the rational and optimal management of groundwater aquifer 
systems. One of the most widely used and most efficient three-dimensional flow-simulation models, 
MODFLOW is used combined with the Harmony Search Algorithm, one of the novel metaheuristic 
optimization techniques. These two models are combined with a specially designed software 
developed under the MATLAB environment, formulating a powerful, user friendly and effective 
management tool. 

In order to investigate the efficiency of the developed combining software and the proposed 
methodology, a classic example of the application of MODFLOW was used. This example was 
optimized using the operational cost as the objective function. A logical number of iterations was 
needed for the achievement of the optimal solution encouraging the use of the proposed 
methodology in similar problems. 

The results of the presented methodology demonstrate that the combined use of a groundwater 
flow-simulation model like MODFLOW with an efficient optimization technique like HS algorithm 
can formulate a very effective management tool. The graphical representation of the outputs, as 
provided by the developed software, offers the user a visualization of the results of alternative 
solutions, thus assisting the understanding of the impacts of the application of complex management 
policies. 
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Abstract 


Crop evapotranspiration is usually estimated using predictive models. Most of them require several 
meteorological data as in Penman-Monteith method by FAO 54, which is accepted as the most 
accurate method. Most of times though, there is not sufficient data for all the parameters required by 
the above method. In these cases, the necessity of calculating the crops water requirements, leads to 
less data demanding evapotranspiration methods. The calculation of actual crop water requirements 
requires the knowledge of reference evapotranspiration and also the crop coefficient. The aim of 
this paper is to estimate the crop coefficients of the typical cultivations (beet, maize, beans, 
potatoes, peppers, wheat and barley) in North West Greece. In this area the crop coefficients have 
been determined only for the Penman-Monteith method. These coefficients were used as a base in 
order to extract coefficients for Hargreaves method and Blaney-Criddle by FAO 24. Meteorological 
data from the meteorological station of the municipality of Amyntaio in North West Greece was 
utilized for the calculation of reference evapotransiration with three methods. Knowledge for the 
Penman Monteith reference evapotranspiration and the corresponding crop coefficients led to 
calculation of the crop evapotranspiration. Based on these results, crop coefficients were estimated 
for the other two methods. 


Keywords: crop coefficient; crop evapotranspiration; meteorological data 


1. INTRODUCTION 


The water requirements of crops depends on the type of crop and the pace of their requirements, 
quantitative and temporal, determines the size of the vegetation which does not necessarily 
correspond to the optimization of production. But to maximize the economic result and the needs of 
a growing water should always be consistent with environmental protection. 

The calculation of reference evapotranspiration (ETo) of crops is a prerequisite for the rational 
irrigation scheduling and optimization of agricultural production. Most of the modern methods, that 
are utilized to calculate the evapotranspiration of a specific crop, include two steps. The first step is 
the evapotranspiration estimation of a well irrigated reference crop which is called reference 
evapotranspiration and is denoted as ETo. The reference crop is a grass reference crop with specific 
characteristics. The second step consists of the calculation of the crop evapotranspiration of the 
cultivation which is denoted as ETc. The ETc is obtained by multiplying ETo with a "crop 
coefficient" (kc), which is specific for each cultivation and for each ETo method (Doorenbos & 
Pruitt, 1977; Jensen et al., 1990; Allen et al., 1998; Papazafiriou, 1999; Panoras et al., 2001). The 
crop coefficient is not constant, but varies during the growing stage of the cultivation. From the 
available methods for the calculation of the reference evapotranspiration, the ones using a plurality 
of meteorological data, are considered to be the most accurate ones as Penman (1956), Doorenbos 
& Pruitt (1977), Jensen et al. (1990), Allen et al. (1998). The Penman-Monteith method by FAO 56 
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(Allen et al., 1998) has been proven as the most popular and accurate method for a number of 
regions. Additionally, the calculated values of the method are considered particularly accurate for 
the areas in Greece (Sakellariou-Makrantonaki et al., 1996; Georgiou et al, 2000; Alexiou et al, 
2000). 

Even though the Penman-Monteith method by FAO 56 is the most accurate one it cannot be 
utilized often due to lack of required meteorological data. This fact forces researchers to use 
methods requiring fewer meteorological data such as Hargreaves (Hargreaves et al., 1985) and 
Blaney-Criddle by FAO 24 (Doorenbos & Pruitt, 1977). 

Values of the crop coefficient for each cultivation are established for the four stages of crop 
growth: a) the initial establishment, b) crop development, c) effective full cover to the start of 
maturity and d) start of maturity to harvest. During the initial establishment stage, where water loss 
occurs mostly due to the evaporation of water from the surface, the value of the crop coefficient 
(Kini) is steady. During the crop development stage a linear increase in the value of the crop 
coefficient occurs in order to reach and remain at the highest level for the effective full cover to the 
start of maturity stage (Kemia). At the final stage of the cycle a linear reduction in the value of the 
crop coefficient occurs from (Kemia) to the end point (Keena). 

The aim of this paper is to estimate the crop coefficients of the typical cultivations (beet, maize, 
beans, potatoes, peppers, wheat and barley) in North West Greece. In this area the crop coefficients 
have been determined only for the Penman-Monteith method (Allen et al., 1998). These coefficients 
were used as a base in order to extract coefficients for Hargreaves method (Hargreaves et al., 1985) 
and Blaney-Criddle by FAO 24 (Doorenbos & Pruitt, 1977). Meteorological data from the 
meteorological station of the municipality of Amyntaio in North West Greece was utilized for the 
calculation of reference evapotranspiration with three methods. Knowledge for the Penman 
Monteith reference evapotranspiration and the corresponding crop coefficients led to calculation of 
the crop evapotranspiration. Based on these results, crop coefficients were estimated for the other 
two methods. 


2. THEORY 
The net claims of crop water calculated from the relationship: 

I, = ET, — (Pe + Gw + SM) (1) 
where: I, is the net water requirements, Pe is the monthly beneficial rain (Papazafiriou, 1999), Gy is 
the contribution of underground horizon, SM is the water stored in the root zone area at the 
beginning of the growing season and can be used from crops. 

The crop evapotranspiration is expressed: 
ETc = kc ET, (2) 
where: ETo is the reference evapotranspiration, ETc is the crop evapotranspiration, kc the crop 
coefficient. 


Using the Penman-Monteith method by FAO 56 (Allen et al., 1998) the ET, is calculated by the 
relationship: 


ET, = [0.408A (Ry — G) +y— we, — ea) | [A + y(1 + 0,34u,)]72 (3) 
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where: ETo is the reference evapotranspiration in mm / day, Rn is total net radiation at the crop 
surface in MJ m "day !, G is the daily soil heat flux density in MJ m day , y is the psychrometric 
constant kPa°C"', e, is the saturation vapour pressure in kPa, ea is the actual vapor pressure in kPa, 
T is the mean daily temperature of air at 2 m above the earth's surface in ^C and is given by: 


T = Amen Tim (4) 


uz is the wind speed at 2 m above the earth's surface in m / sec and is given by: 


_ 487uz 
U2 = In(67,87-5A2) (5) 
where uz speed of wind at z m above the earth's surface, es is the pressure of saturated water vapor 
in kPa, e, is the actual vapor pressure in kPa, A is the slope of the vapor pressure curve in kPa°C! 
and is given by: 


[0,6108e( peek | 


T+237,3 


A = 4098 (T+237,3)2 


(6) 


Using the Hargreaves method (1985), which is often selected, because of limited availability of 
meteorological data, ETo is expressed as: 


ET, = 0,0023R,(Tmean + 17,8) (T4, — Tmin)®”. (7) 


wherein ET, reference evapotranspiration in mm * day", Tmean; Tmax, Tmin, the average, maximum 
and minimum air temperature at a height of 2m at °C respectively, Ra extraterrestrial radiation in 
mmy/d. This method is considered reliable enough (Hargreaves and Allen, 2003). 

The method Blaney Criddle at FAO 24 (Doorenbos & Pruitt, 1977) for calculating ETo using 
the relationship: 


ET, =a+bf (8) 


wherein ETo is the reference evapotranspiration in mm d` , a factor is given by the relation 
n 
a = 0,0043RH min — N^ 1, 


wherein RHmin is the minimum relative humidity as a percentage %, n/N is relative sunshine (n is 
the real sunshine hours, N is the theoretical sunshine hours), b is a coefficient given by tables as a 
function of the minimum humidity of relative sunshine and wind speed during the day, f is factor of 
Blaney-Criddle defined by the relationship f = (0,46T + 8,13)p where T is the mean monthly 
ambient temperature in °C, and p is the average daytime hours of the year and is given by table. 


3. RESULTS AND DISCUSSION 


The study area was Amyntaio in NW Greece, where the main crops are sugar beet, maize, beans, 
potatoes, peppers, wheat and barley. The data utilized was taken from a meteorological station 
located in the study area. The collected data on daily basis was rain, sunshine, temperature, 
humidity, solar radiation and wind speed for the period 2008 to 2013. Daily reference 
evapotranspiration was calculated using the Penman-Monteith method by FAO 56, the Hargreaves 
method and the Blaney Criddle method by FAO 24. 
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Crop coefficients for Penman-Monteith method were taken from literature (Abas, 2010). Thus, 
the daily crop evapotranspiration for the period 2008 to 2013 and for all crops under investigation 
was calculated. Then, according to Equation 2, the crop coefficients for Hargreaves and Blaney 
Criddle methods were calculated since the daily crop evapotranspiration was known from the 
Penman-Monteith method. The effectiveness of this procedure was verified using the correlation 
coefficient between daily calculated kc values for every year and final kc obtained for each crop and 
method. 
Table 1. Crop coefficients (Abas, 2010) for Penman-Monteith method by FAO 56, growing, 
sowing and harvest periods for each crop. 


Plant Coefficient Growing Season (days) 
P i " Sowing period Harvest period 
Kini Kmid Kend 1* 2" 3" q 
When they reach 
Beet 0.35 1.20 0.60 30 45 90 15 1/03-30/04 maximum content of 
sugar 
Maize 0.3 1.15 0.35 25 40 60 25 20/04-10/05 5/09-15/09 
Beans 0.4 1.15 0.35 15 25 50 20 May August-November 
Potato 0.4 1.15 0.75 30 35 50 25 15/04-25/04 25/08-25/09 
Pepper 0.4 1.05 0.90 25 35 35 20 1/05-31/05 July-September 
Wheat 0.3 1.15 0.25 20 140 50 20 15/10-30/11 1/7-20/7 
Barley 0.3 1.15 0.25 20 130 45 20 15/10-30/11 10/6-10/7 
Table 2. Crop coefficients for Hargreaves method, growing, sowing and harvest periods for each 
crop. 
a Growing Season 
Crop Coefficient (days) Sowing Harvest Correlation 
Kini Kid Kend Ist 2nd 3rd 4g Period period coefficient 
When they 
reach 
Beet 0.41 1.35 0.61 30 45 90 15  1/03-30/04 maximum 0.91 
content of 
sugar 
l 20/04- 
Maize 0.38 1.33 0.34 25 40 60 25 10/05 5/09-15/09 0.93 
Beans 0.44 137 037 15 25 50 20 May Due Tse 0.89 
November 
Potato 0.43 1.38 0.71 30 35 50 25 Los 25/08-25/09 0.91 
Pepper 0.44 124 0.83 25 35 35 20 05340 œ aye 0.92 
eptember 
Wheat 0.21 1.26 0.25 20 140 50 20 unn 1/7-20/7 0.87 
Barley 0.23 1.27 0.40 20 130 45 20 dd 10/6-10/7 0.85 
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Figure 1. Crop coefficient for Hargreaves et al. (1985) 
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Figure 2. Crop coefficient for Blaney Criddle FAO 24 method. 
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Table 3. Crop coefficients for Blaney-Criddle method, growing, sowing and harvest periods for 


each crop. 
Crop Coefficient Growing Season (days) 
; à 4 di Sowing period Harvest period Correlation coefficient 
Kini K,mid Kend 1° 2" 3g 4 
When they reach 
Beet 0.18 0.49 0.30 30 45 90 15 1/03-30/04 maximum content 0.91 
of sugar 

Maize 0.13 0.47 0.17 25 40 60 25 20/04-10/05 5/09-15/09 0.94 
Beans 0.16 0.44 0.15 15 25 50 20 May August -November 0.91 
Potato — 0.18 0.45 0.35 30 235 50 25 15/04 -25/04 25/08-25/09 0.92 
Pepper 0.17 0.43 0.38 25 35 -35 20 1/05-31/05 July-September 0.94 
Wheat 0.26 0.53 0.10 20 140 50 20 15/10-30/11 1/7-20/7 0.91 


Barley | 024 0.56 0.20 20 130 45 20 15/10-30/11 10/6-10/7 0.89 


4. CONCLUSION 


Knowledge of net crop requirements which are necessary for the rational water management 
requires the estimation of crop evapotranspiration, effective precipitation, soil moisture and the 
contribution of groundwater. Crop  evapotranspiration is calculated from reference 
evapotranspiration and crop coefficient. In this paper crop coefficients for the main cultivations in 
NW Greece are established for the Hargreaves and Blaney-Criddle methods as shown in Tables 2 
and 3. The same tables contain calculation of a correlation coefficient between daily calculated kc 
values for every year and final kc obtained for each crop and method. 

From the three methods that are used in this paper, the Penman-Monteith method needs the most 
data and in contrast the Hargreaves method needs the least. The used methodology is quite simple 
and the crop coefficients that were obtained can be utilized for evapotranspiration methods that do 
not require many meteorological data. 
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Abstract 


Due to aging and deterioration of system components and inefficient management, water losses in 
water distribution networks (WDNs) are accounted for more than 30% in many countries. One of 
the main factors causing leakage is pressure where excess water pressure increases the rate of 
leakage. Consequently, pressure management is the most important and commonly applied action 
for water losses reduction. A common method to control and reduce pressure and water losses in 
WDNS is to install a Pressure Reducing Valve (PRV). In recent years, pumps used in turbine mode 
(Pump as Turbine, PAT) started to appear as a viable option to replace PRVs. In this study, the 
potential for energy recovery and water losses reduction with the implementation of a PAT system 
is investigated in a District Metered Area (DMA), namely DMA-16, of Konyaalti WDN in Antalya 
City, Turkey. DMA-16 covers a residential area where population is expected to increase in the 
coming years. In this respect, population forecast has been realized for the years 2025 and 2035 and 
based on the forecasted population values, future water demands and flow rates were estimated. A 
hydraulic modeling study was conducted to determine the optimum pressure levels to be sustained 
at the entrance of the DMA. The areal distribution of water pressure and excess water pressure 
levels were obtained for winter and summer seasons of the years 2025 and 2035 using the hydraulic 
model predictions. The estimated excess water pressures were between 14.50-17.04 m heads for the 
mentioned seasons and years. As there is excess water pressure in the studied DMA, then there is 
potential for implementation of a PAT system at the entrance of the DMA. The benefits of installing 
a PAT system were investigated where the average of potential power production was between 0.97 
and 1.36 kWh and the average water losses reduction was between 2.72 and 4.04 m/h. The 
proposed PAT system is expected to improve the efficiency of the WDN with the estimated benefits 
but a cost-benefit analysis is needed to compute the pay-back period and to evaluate the additional 
environmental benefits. 


Keywords: pump as turbine; water distribution network; excess water pressure; energy recovery; 
water losses reduction. 


1. INTRODUCTION 


Due to increasing population in many cities, urban water demand has increased causing a high 
pressure on water resources. Within the context of sustainable water supply systems, improvement 
of energy efficiency, reduction of water losses and CO» emissions are taken into consideration. 
Water losses problem in water distribution networks (WDNs) is common in many countries such as 
Turkey, where the annual non-revenue water (NRW) is about 4446 of system input volume (SIV) 
1]. The difference between SIV and authorized consumption is defined as water losses while the 
difference between SIV and billed water consumption is defined as NRW. Water losses consist of 
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physical and apparent water losses. Physical water losses result from the holes and cracks of the 
pipes and valves and from flooding of reservoirs whereas apparent water losses represent the 
volume of water that is used but not recorded such as illegal water usage, inaccurate water meter 
readings and data handling errors [2]. Pressure management is an efficient and economically 
feasible method to reduce physical water losses in WDNSs [3, 4]. Therefore, water authorities have 
started to apply pressure management in order to reduce physical water losses. The problem of 
water losses is not only a revenue problem but it also results in wasting sources such as energy. 
Required energy for water abstraction, transmission, treatment and supply for urban and industry 
represents 2-396 of the global energy consumption and it is reported that implementation of cost- 
effective actions could reduce at least 2596 of this energy consumption [5]. 

Pressure management in WDNs can be achieved by implementing pressure reducing valves 
(PRVs). Recent studies showed that micro turbines or pump as turbines (PATs) could be used for 
pressure reduction but also to recover the excess water pressure to produce energy [6, 7, 8]. Micro 
turbines have higher capital costs than PATs that prevent them from having a widespread 
implementation in WDNs. Recently, several research studies were conducted for investigation of 
using pumps in reverse mode, as hydraulic turbines [5]. PAT systems help to improve efficiency of 
WDNs by reducing pressure, water losses and pipe failures in addition to energy production at pico 
or micro scale. In the literature, theoretical, experimental and numerical investigations are presented 
for possible applications of PAT systems. Moreover, several research studies are focused on design 
of PATs, analysis of cavitation, force and efficiency, comparison of conventional turbines with 
PATs and cost analysis for evaluating economic feasibility [9]. There is limited research in the 
literature for a detailed hydraulic analysis of a WDN to examine the potential for implementation of 
a PAT system considering the forecasted population and flow rates in the long term. This paper 
represents an analysis of the potential energy recovery and physical water losses reduction by 
implementation of a PAT system in a District Metered Area (DMA), namely DMA-16, of Konyaalti 
WDN in Antalya City, Turkey. For this purpose, projection of population was realized for the years 
2025 and 2035 and based on the forecasted population values, future water demands and flow rates 
were estimated. A hydraulic modelling study was conducted to determine the excess water pressure 
at the entrance of the DMA for the upcoming years and potential power generation was also 
calculated. 


2. MATERIALS AND METHODS 
2.1 Pilot study area 


Konyaalti Water Distribution Network (KWDN) is one of the major sub-networks of the Antalya 
WDN and operated independent of much of the Antalya WDN. KWDN has been divided into 18 
DMASs for efficient management of water losses. The region is supplied by raw water extracted 
from five wells at Bogacay Pumping Station. Hurma Balancing Reservoir with a capacity of 15000 
mis the only such reservoir in KWDN [4, 10]. DMA-16 was chosen as the Pilot Study Area (PSA) 
to conduct this study. DMA-16 covers a residential area with around 250 service connections and 
the total length of water mains in the PSA is around 9000 m. There is a SCADA (Supervisory 
Control and Data Acquisition) station located at the entrance of DMA-16 where continuous online 
measurements of flow rate and water pressure are conducted at 5-minute time intervals and the 
measured data are recorded for future use [11]. Figure 1 depicts the main elements, SCADA 
stations of KWDN and the PSA. 
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Figure 1. Map showing KWDN, SCADA monitoring stations, Hurma Balancing Reservoir, 
Pumping Station and DMA-16 (updated from [4]) 


2.2 Projections of population and water demand 


DMA-16 covers a residential area where population is expected to increase in the upcoming years. 
Within this respect, populations for the years 2025 and 2035 were forecasted. Based on the 
forecasted population values, future water demands and flow rates were estimated as well. Increase 
in water demand is assumed the same as population growth rate calculated by Turkish Statistical 
Institute (TSI) and maximum and minimum water consumption profiles in 2025 and 2035 were 
calculated by multiplying the observed water consumption profiles in 2010 by the ratio of 
population increase. 


2.3 Hydraulic modelling 


In this study, hydraulic modelling of the PSA was conducted using WaterGEMS software with a 
time step of 5-minute to predict the spatial and temporal changes of water pressures. Details of 
hydraulic model calibration and verification studies of KWDN including the PSA were given 
elsewhere [4]. The distribution network simulated for the PSA is depicted in Figure 2. Flow rates 
and water pressures at the entrance to the PSA were obtained from SCADA system. Flow rates for 
the years 2025 and 2035 were forecasted based on the projections of population. No change in 
water pressures over the years at the entrance to the PSA was assumed in this study. Excess water 
pressure in WDNs is one of the major factors resulting in leakage. Leakage resulted from pipe 
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bursts can be defined as a discharge through an orifice. Emitter coefficients can be used to simulate 
leakage in WDNs [12]. Leakage estimation from a node is possible by application of emitter 
coefficients in hydraulic modelling. In this study, hydraulic model was used to estimate leakage by 
application of the following equation: 


q-C.P' (1) 


where; P is the nodal pressure, C is the emitter coefficient, q is the flow rate, y is pressure exponent. 


SCADA 


100 m. 


Figure 2. Detailed WDN of the PSA 


2.3 Recovery of excess water pressure 


Excess water pressure in WDNs can be recovered by application of turbine or PAT systems. Power 
generation from recovery of excess water pressure can be calculated by the following equation: 


P = Q.p.g.H.e; (2) 


where: P is the produced power (watt), Q is flow rate (m?/s), p is water density (kg/m), g is the 
acceleration due to gravity (m/s?), H is excess water head (m), and e, is the efficiency of system. 


50 13^ International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


3. RESULTS AND DISCUSSION 
3.1 Population projection and water demand estimation 


Population projection for Antalya city was accomplished with arithmetic, geometric and semilog 
projection methods by using present and past population records starting from 1935. The estimation 
results showed good agreement with the estimated population growth rate by Turkish Statistical 
Institute. Therefore, the annual growth rate of population in the PSA was estimated at 30%bc. 
Increase in water demand was assumed as same as population growth rate for Antalya city. By 
analyzing the available on-line measurements of flow rate at the SCADA station, located at the 
entrance of the PSA, the maximum and minimum flow rates were observed in summer (July 20-21, 
2010) and winter (December 1-2, 2010) seasons, respectively. Estimated water demands for the 
years 2025 and 2035 for the minimum and maximum consumption periods are illustrated in Figures 
2a and 2b. 
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Figure 2. Estimated 48-hour water profiles for the PSA, 
a) maximum consumption (summer season), b) minimum consumption (winter season) 


3.2 Pressure management and prediction of water savings due to pressure reduction 


Pressure modelling of the PSA indicated that there is excess water pressure in the PSA at all times, 
including the periods of maximum and minimum flow rates. Average water pressures at the 
entrance to the PSA for maximum and minimum consumption periods in 2010 were recorded as 
51.40 m, and 52.44 m water head, respectively. Therefore, a series of water pressure reduction 
scenarios were tested to determine optimum water pressure at the entrance to the PSA. The strategy 
was to maintain a minimum water pressure level of about 20 m water head at all the nodes of the 
PSA at the maximum and minimum flow rates for the years 2025 and 2035. Temporal and spatial 
changes of water pressure for each scenario were predicted and spatial changes of water pressures 
in the PSA for the year 2035 are illustrated in Figure 3, as an example. 


ia International Conference on Protection and Restoration of the Environment 51 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


re (m) 


o 
- 
[- 


— 


a 


ssure (m) 


re (m) 


o 
= 
a 


a) 


SN 


b) 


Ki 


(| 
WERK 


Ay 


SURLY VA 


Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 


c) 
13^ International Conference on Protection and Restoration of the Environment 


C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 


ISBN: 978-960-6865-94-7 


35 


Pressure (m) 


i= T 


30 - 33 
33-37 


Figure 3. Prediction of spatial changes of water pressure for the year 2035 a) At minimum flow rate 
before reducing water pressure , b) At minimum flow rate after reducing water pressure, 
c) At maximum flow rate before reducing water pressure, d) At maximum flow rate after 
reducing water pressure 


Leakage simulations and water saving predictions for each scenario were generated. Eighty 
percent of the minimum night flow was accepted as real losses in the PSA [4]. The emitter 
coefficients were calculated through a trial and error method for each scenario. Estimated optimum 
water pressures at the entrance to the PSA, predicted water savings and calculated emitter 
coefficients for each scenario are summarized in Table 1. 


3.3 Potential power generation by reducing excess water pressure 


Excess water pressure is the difference between water pressures upstream and downstream of the 
pressure reducing valve/tank. Excess water pressure can be converted into energy to produce 
electricity if a turbine/PAT system is installed. Potential power generation was calculated for each 
scenario in case of installation of PAT/turbine system to reduce excess water pressure at the 
entrance of the PSA. For this purpose, overall system efficiency was accepted as 7096. For each 
scenario, the optimum pressure heads at the entrance of the PSA were predicted by the hydraulic 
model. Decrease in flow rates due to pressure reduction in the PSA was also considered and 
estimated by the hydraulic model. The calculated average power generation from each scenario is 
presented in Table 1. Estimated potential power generations, for minimum and maximum 
consumption periods and all years, are illustrated in Figure 4. 
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Figure 4. Predicted potential power generation from the system a) maximum consumption 
(summer season), b) minimum consumption (winter season) 


Table 1. Summary of pressure management scenarios for the PSA 


Year Period Emitter Flow’ Flow? Ave. water Opt. Excess Ave. power Ave. 

coeff. (mh)  (m'/h)** pressure water water generation water 

(m) pressure pressure (kWh) saving 

(m) (m) (m*/h) 

208 Min. 0.0222 35.30 31.91 51.40 35.40 16.00 0.97 3.39 
5 

Max. 0.0168 36.56 33.84 52.44 35.40 17.04 1.10 2.72 

3n Min. 0.0295 47.05 43.01 51.40 36.90 14.50 1.19 4.04 
5 

Max. 0.0230 49.34 45.97 52.44 36.90 15.54 1.36 3.37 


Flow’: Predicted flow rate at the entrance to the PSA, Flow”: Predicted flow rate at the entrance to 
the PSA after pressure reduction. “Min.” refers to the minimum consumption period, while “Max.” 
stands for maximum consumption period. 


4. CONCLUSIONS 

Excess water pressure causes increase in physical water losses and the frequency of pipe bursts. 
Therefore, improving hydraulic efficiency of WDNs is vital for such cases. This study showed that 
reducing water pressure resulted in a considerable decrease in physical water losses while 
producing power by implementation of a PAT system. Implementation of PAT systems helps to 
improve efficiency of WDNs by reducing pressure, water losses, frequency of pipe bursts and CO» 
emissions in addition to energy production at pico or micro scale. Water demands exhibit 
significant changes during the service life of WDNs. Hydraulic models are effectively used to 
predict flow rate and pressure levels in WDNSs and these predictions are very helpful to estimate 
optimal network pressure and excess pressure levels. In this study, changes in water demands were 
considered for hydraulic modelling to predict excess water pressure, power generation and water 
savings. For further studies, it is recommended that a cost-benefit analysis should be carried out to 
calculate the pay-back period and to evaluate the additional environmental benefits. 
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Abstract 


Diffuse agricultural nitrate pollution of groundwater is a common serious problem faced by many 
undeveloped, developing and developed countries due to the excess application of chemical and 
organic fertilizers. Excess nitrate levels in water, beyond certain limits, inhibit the use of water for 
drinking purposes. On the other hand, removal of nitrate needs complex and expensive treatment 
process. Therefore, nitrate pollution should be monitored, assessed and managed to protect 
groundwater resources. The aim of this research study is to assess the risk of groundwater to nitrate 
pollution in karstic regions. Altinova agricultural region was chosen as a pilot study area (PSA) to 
apply this study. Most of the PSA has karst formation characterized by underground drainage 
systems with sinkholes, dolines, and caves. Intensive agricultural activities in the form of 
greenhouses for many crops such as tomatoes, eggplants, pepper, and flowers are widely practiced 
in the PSA. Seasonal field and lab studies were conducted at 25 sampling and measurement points 
for one year in 2015 and 2016. Water quality parameters such as nitrate, electrical conductivity, 
salinity, pH, total dissolved solids were investigated in addition to depth to groundwater, and soil 
characteristics. The results showed wide variations of nitrate concentrations from below 2.0 mg 
NO; per liter to above 100 mg NO; per liter. High nitrate concentrations were usually associated 
with relatively high electrical conductivity levels, exceeding 550 uS cm”. The geological and 
hydrogeological characteristics of the PSA and the pollution loads were also investigated to assess 
vulnerability of the PSA to pollution and hazards. Depth to groundwater ranged between around 15 
m to 40 m. Net recharge was estimated at 551 mm year ! while hydraulic conductivity is evaluated 
at 864 mm day’. Vulnerability analyses of pollution to groundwater showed that most of the PSA 
has high vulnerability to pollution. 


Keywords: Antalya; groundwater; nitrate; karst; agriculture; vulnerability 


1. INTRODUCTION 


Karst aquifers are among the most important water resources for drinking, irrigation and industrial 
water all over the world. Karst aquifers are particularly vulnerable to pollution mostly because of 
thin soils, and flow concentration in the epikarst (the top, usually severely fractured and karstified 
layer of a karst aquifer) and recharge by swallow holes where pollutants can simply reach the 
groundwater and be transported rapidly in karst channels for long distances [1, 2]. As a result, karst 
aquifers are usually vulnerable to pollution and they need careful management to protect them. 

The increasing demand of groundwater resources and disposal of contaminants cause serious 
challenges in management and protection of groundwater quality. Protection of karst aquifers 
against contamination requires certain preventive measures. Agricultural activities are among the 
most important pollution sources causing adverse environmental impacts and contamination in karst 
groundwater. Especially, agricultural diffused agrochemicals and organic pollution sources are 
more extended and difficult to control. The intensive use of agricultural fertilizers and pesticides 
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has been one of the major issues in agricultural development due to their contribution to high yields 
but they usually highly deteriorate groundwater quality. In recent years, the increase in the 
population caused a high increase in agricultural activities. This situation triggered the excess use of 
synthetic fertilizers and pesticides. Consequently, they resulted in important environmental 
problems like nitrate contamination in groundwater [3, 4]. There have been lots of places and 
scientific studies related with this problem widely spread all around the world [5, 6, 7, 8]. 

One of the most intense agricultural areas in Turkey is Antalya-Altinova region located in 
Antalya city of Turkey. The area is characterized by karstic hydrogeological structure. In this study, 
agricultural nitrate pollution of groundwater resources in the area of Altinova was assessed. For this 
purpose, seasonal in-situ measurements and lab studies were conducted at 25 sampling locations in 
2015 and 2016. The temporal and spatial variations of water quality parameters such as nitrate, 
electrical conductivity, salinity, pH, total dissolved solids were investigated together with depth to 
groundwater. 


2. MATERIALS AND METHODS 


2.1 Description of the pilot study area 

The pilot study area (PSA) of Altinova region is approximately 10 km far from Antalya City center 
and covers an approximate area of 75 km? overlying a travertine plateau at an altitude of 80 m 
above mean sea level on the average. The location of the PSA is shown in Figure 1. The PSA is 
mainly used for agricultural activities but residential buildings also exist in the PSA. The high 
permeability of the karst aquifers in Altinova region could be regarded as a positive aspect 
regarding recharge to groundwater but it increases the vulnerability of the underlying groundwater 
to pollution. There has been a fast intensive agricultural development in the region during the last 
decade that agricultural land and greenhouses occupied most of the area. The main planted crops are 
flowers and vegetables such as tomato, cucumber, eggplant, and pepper. Groundwater wells are the 
main source for irrigation water in the area. 

The pervasive pollutants in the PSA are agrochemicals and fertilizers. Besides, the PSA lacks a 
sewage collection system. Up to present time, domestic wastewater from residential areas of the 
PSA is disposed of into percolating septic tanks drilled and constructed into the travertine. On the 
travertine plateau, high rates of precipitation and surface runoff is expected to penetrate through the 
ground due to the fissured and soluted channels. Drinking groundwater wells located in the PSA 
were abandoned by Antalya Water and Wastewater Administration (ASAT), as the quality of the 
groundwater has been deteriorated, especially for nitrate, and became unsuitable for human 
consumption. 

Main geologic formations of the study area are mesozoic aged limestones and marls. Miocene 
aged aquatic limestones, marls, silty clay deposits, sandstones and conglomerates also exist in the 
area. There are a lot of karst features such as sinkholes, dolines, caves, poljes, solution cavities, 
karst springs and similar features in travertines which widely covers the Miocene aged old units [9]. 
Travertine deposits have been subjected to karstification processes after they had formed which has 
led to the formation of karstic springs and groundwater system in the travertine deposits [10]. The 
travertine plateau, which covers the study area, bounded by the Aksu River basin at the east, 
Beydaglari Mountain at the northwest and Antalya Bay at the south, is considered to be the largest 
known deposits in the world [2]. 

Typical Mediterranean climate which is warm and rainy in the winter, hot and dry in the 
summer prevails in the PSA. Vegetation cover of the area is composed of small trees and dense 
bushes called macchie. The mean annual gross precipitation is 1240.09 mm/year while the mean 
annual temperature is 19.24 °C, according to the data sets obtained from the nearest meteorological 
station to the PSA between the years 2000 and 2015. 
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Figure 1. Location of Altinova study area in Antalya and Turkey 


2.2 Field measurements and data collection | 
A total of 25 representative irrigation groundwater wells 
were chosen for monitoring the groundwater quality in the 
PSA. The locations of the monitored groundwater wells 
and the geological formation at the wells are presented in 
Figure 2. 


Figure 2. 
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Three sessions of seasonal in-situ measurements in August 2015, November 2015 and February 
2016 were conducted at the selected groundwater wells for the measurements of temperature, 
salinity, electrical conductivity, pH, total dissolved solids, turbidity, dissolved oxygen and nitrate 
concentrations. The measurements were realized using multi-parameter measurement equipment 
(HACH HQ40d), a turbidimeter (HACH 2100Q) and a nitrate electrode. Nitrate concentration was 
also measured in the lab using standard methods for the analyses of water and wastewater [11]. 
Moreover, depth to groundwater at the selected wells was measured in November 2015 and 


February 2016 measurement seasons. 
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In addition to field measurements, routine site surveys were conducted to collect important data 
sets regarding the agricultural activities such as type of planted crops and their yearly yields, type 
and amount of applied fertilizers and pesticides, source and amount of irrigation water. Also, 
pollution sources other than the agricultural activities were determined during the site surveys. 
Moreover, data sets for rainfall intensity, temperature, and evaporation rates were collected from the 
closest meteorological station to the PSA 


2.3. Water quality sampling and analyses 

One session of intensive water quality sampling and analyses was realized in November 2015 at all 
the selected wells. Water quality analyses were conducted for bacteriological and chemical 
parameters including residuals of pesticides. The investigated bacteriological parameters were 
Escherichia coli, enterococci, and coliforms while many chemical parameters were analyzed such 
as nitrate, nitrite, poly aromatic hydrocarbon (PAH), selenium, aluminium, ammonium, chloride, 
color, Fe, Mn, odour, sulphate, sodium, total organic carbon, arsenic, benzene, boron, bromate, 
heavy metals, and fluoride. Residuals of pesticides were analyzed for organochlorine pesticides 
(HCB, alpha-HCH, gamma-HCH, heptachlorine, heptachlor epoxide, aldrin, dieldrin, alpha- 
endosulfan, beta- endosulfan, total DDT), organophosphorous pesticides (Demethon(O+S), 
azinphos-methyl, azinphos-ethyl, diazinon, disulfoton, ethion, malathion, parathion-ethyl, 
parathion-methyl, | methamidophos, chlorpyriphos-ethyl, ^ chlorpyriphos-methyl), herbicides 
(atrazine, simazin), carbamates (aldicarb, aldicarb-sulfone, aldicarb-sulfoxide, carbaryl, carbofuran, 
carbofuran-3-hydroxy, methiocarb, methomyl, 1-naphtol, oxamyl, propoxur). All the water quality 
analyses were conducted by the accredited Antalya Public Health Laboratory which belongs to the 
Turkish Republic Ministry of Health. 


2.4. Soil sampling and analyses 
A total of 25 soil samples were collected from the top soil very close to the selected monitoring 
groundwater wells. The collected soil samples were analyzed once in November 2015 for soil 
texture, pH, salinity, electrical conductivity, organic content, total N, nitrate N, ammonium N, 
infiltration rate and bulk density. 


3. RESULTS AND DISCUSSION 


3.1. Results of the field measurements 

The statistical evaluation of the monitoring results of the conducted three sessions of field 
measurements is presented in Table 1. Moreover, the spatial distribution maps for specific 
conductivity, nitrate in summer (August 2015) and winter (February 2016) and depth to 
groundwater are presented in Figures 3-5. The maps were created using ArcGIS 10.2 software and 
ordinary kriging method, which is one of the widely used geostatistical method. 

The results showed very marginal temporal variations of the main investigated parameters such 
as nitrate, conductivity and depth to groundwater. For example, the mean concentrations of nitrate 
investigated in the three measurement sessions ranged between 44.98 and 46.37 mg/L while the 
mean levels of specific conductivity ranged between 405.96 and 411.48 uS/cm. 

The mean depth to groundwater investigated in November 2015 and February 2016 were 28.19 
and 28.58 m. On the other hand, the PSA showed wide spatial variations for the main investigated 
parameters. e.g. nitrate concentrations ranged from below 1.0 mg/L to above 120 mg/L. Also, 
specific conductivity ranged from 252 to 599 uS/cm while depth to groundwater ranged from 12.24 
m to 43.12 m. High nitrate concentrations were usually associated with relatively high electrical 
conductivity levels. In general, the northern part of the PSA area exhibited relatively low nitrate and 
conductivity values. 
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Table 1. Statistical evaluation of the field measurements in the years 2015 and 2016 


1* Field Study 2" Field Study 3"! Field Study 
(August 2015) (November 2015) (February 2016) 
Mean | Std. Dev. | Min | Max | Mean | Std. Dev. Min | Max | Mean | Std. Dev.| Min | Max 

Temperature (°C) | 21.48 1.14 19.80 | 24.00 | 19.56 0.92 18.00 | 21.20 | 19.08 0.93 17.70 | 21.10 
pH 6.87 0.19 6.44 7.12 7.24 0.11 7.06 7.54 7.18 0.09 7.03 7.39 
Specific 
conductivity 405.96 | 93.45 252.00 | 576.00 | 414.64 | 98.08 261.00 | 593.00 | 411.48 99.47 256.00 | 599.00 
(uS/cm) 
DO (mg/L) 7.16 2.34 1.94 9.05 7.40 2.00 2.01 9.18 7.20 2.00 2.36 9.05 
Salinity (%0) 0.19 0.05 0.12 0.28 0.20 0.05 0.12 0.29 0.20 0.05 0.12 0.29 
Turbidity (NTU) 2.01 1.86 0.33 7.68 1.74 3.32 0.32 16.20 | 4.20 5.51 0.37 22.30 
TDS (mg/L) 195.72 45.98 120.20 | 279.00 | 200.04 48.33 124.70 | 288.00 | 198.38 48.96 122.40 | 291.00 
Nitrate (mg/L) 45.68 32.94 0.33 | 128.30 | 44.98 30.14 0.25 98.56 | 46.37 32.66 0.59 | 108.70 
Depth to 28.19 | 9.4 | 13.76 | 42.60 | 28.58 | 9.93 | 1224 | 43.12 
groundwater (m) 
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Figure 3. Spatial distribution of depth to groundwater 
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Figure 3. Spatial distribution of specific conductivity values 
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Figure 4. Spatial distribution of nitrate concentration values 
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Results of the groundwater and soil analyses 

Basic statistical summary of the bacteriological and chemical analyses results of groundwater, 
conducted in November 2015, is presented in Table 2. AII the investigated residuals of pesticides 
concentrations were below the detection limit. A number of groundwater wells were polluted with 
coliform bacteria including Escherichia coli which are originated from human sewage. This is 
because the PSA lacks a sewage collection system where percolating pits are used to dispose of 
sewage. Moreover, iron, manganese and arsenic levels at some wells were higher than the 
permissible limits for drinking purposes according to the Turkish standards [12]. 


Table 1. Basic statistical summary of the groundwater quality analyses results in November 2015 


Parameters Permissible Limit Min Max Mean Std. Dev. 
Coliform Bacteria (cfu/100 mL) 0 0.000 1300.000 127.400 309.743 
Total Viable Count(cfu/mL) - 0.000 1500.000 88.880 300.513 
C.perfringens (cfu/100 mL) 0 0.000 3.000 0.200 0.645 
Enterococci (cfu/100 mL) 0 0.000 24.000 2.760 6.495 
Escherichia coli (cfu/100 mL) 0 0.000 14.000 0.880 2.848 
TOC (mg/L) - 0.410 1.340 0.965 0.219 
Iron (ug/L) <200 7.325 379.005 46.326 89.404 
Boron (mg/L) <l 0.007 0.143 0.033 0.040 
Mercury (ug/L) <250 0.022 0.056 0.029 0.011 
Chromium (ug/L) «50 2.106 6.356 3.297 0.939 
pH 6.5-9.5 7.000 7.450 7.188 0.106 
Nickel (ug/L) <20 1.792 6.755 2.918 1.010 
Lead (ug/L) «10 0.026 0.208 0.055 0.048 
Manganese (ug/L) «50 0.259 66.376 4.137 13.216 
Sodium (mg/L) «250 4.610 25.404 12.212 5.896 
Arsenic (ug/L) «10 0.274 38.763 3.560 7.534 
Selenium (ug/L) <10 0.134 0.926 0.287 0.196 
Aluminium (ug/L) <200 2.385 71.369 11.646 16.785 
Sulphate (mg/L) <250 3.260 139.680 30.730 34.183 
Ammonium (mg/L) <0.5 0.020 0.070 0.044 0.013 
Bromate (ug/L) «10 0.010 0.010 0.010 0.000 
Chloride (mg/L) «250 7.620 50.280 20.340 11.991 
Nitrate (mg/L) «50 0.060 118.480 44.775 32.197 
Fluoride (mg/L) «1.5 0.030 0.160 0.061 0.036 
Nitrite (mg/L) «0.5 0.010 0.050 0.012 0.008 


Soil analyses results showed that all the samples are mostly clay soils with low alkalinity and 
salinity. The infiltration rates were slow or medium level. Most of the samples showed good levels 
of total nitrogen but the organic contents were low in general. 


4. CONCLUSIONS 


Karst aquifers are crucial water resources for domestic and irrigation water supply in Turkey but 
these limited and vulnerable water resources require special protection and management. Most of 
the groundwater quality in the Pilot Study Area (PSA) of Altinova has been deteriorated with high 
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concentrations of nitrate due to the excess application of agrochemicals. The nitrate concentrations 
at many of the investigated groundwater wells in the PSA exceeded 50 mg/L which is the upper 
limit given in the Regulation Concerning Water Intended for Human Consumption. Moreover, 
Escherichia coli were detected at a number of groundwater which implies contamination of 
groundwater with sewage. The PSA showed marginal temporal variations of nitrate pollution but 
the spatial variation was very wide ranging from levels below 1.0 mg/L to above 120 mg/L. High 
levels of nitrate were usually associated with high levels of electrical conductivity. The conducted 
research study shows that there is an urgent need for integrated management of groundwater quality 
in the PSA. Well coordinated and integrated actions for management of water, land and human 
activities are required to achieve environmental, social and economic welfare in an equitable 
manner without compromising the further deterioration of valuable water resources. 
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Abstract 


The River Niger is the third longest river in Africa and this comes with high demands from raw 
water supply to agriculture and other livelihoods. This river located in West Africa passes through 
diverse climate regions on its way to the sea including areas prone to desertification; and although it 
is a transboundary river, there isn't much global interest in it and therefore much importance isn't 
placed on preserving the nature and quality of the river. This paper incorporates information found 
on various databases in form of research conducted at strategic locations along the course of the 
river, from source to delta, and on its major tributaries. It uses this information as data to map man- 
made disturbances and its interaction with the environmental conditions and shows their gradual 
cumulative effects along the course of the river. It also reveals their contribution to the changing 
natural course of the river, the further impacts downstream and on the river behaviour at the delta 
before entering the sea. It outlines disturbances including contaminated tributaries from rural areas, 
treated and untreated wastewater disposal, heavy metal from catchment runoff, infrastructures and 
other restrictions on the river's flow path and their interaction with the geology, climate and 
hydrochemical properties of the stream and finally shows ways to mitigate these disturbances, with 
reference to and lessons learnt from the actions and action plans from African intergovernmental 
partnerships and other river governing and monitoring bodies such as the Nile Basin Initiative. 


Keywords: River Niger; industrial wastewater; damming; contaminated tributaries; irrigation. 


1. INTRODUCTION 


The River Niger originates from the highlands of Guinea and flows into the North Atlantic Ocean, 
passing through Guinea, Mali, Niger, Benin (Northern border), and entering the ocean at the Niger 
Delta in Nigeria. River Niger (R. Niger) straddles through six countries but its river basin encloses 
nine countries including Algeria, Burkina Faso, Cote d'Ivore and Cameroun, drained either by R. 
Niger itself or one of its major tributaries [[1]]. 5096 of the R. Niger's drainage basin is subject to 
the harsh conditions of the Sahel Climate region, with effects such as drought and desertification. 
Being a source of livelihood to millions of people, anthropogenic activities on its course and on 
major tributaries choke the river and with over 7096 of the rural population relying on natural 
resource based livelihoods; chronic and acute pollution changes the quality of the water which is 
also heavily relied on for drinking [[2]]. There has been significant change in the flow regime and 
rainfall pattern in the R. Niger Basin over the years [[1]]. Changes in the nature of a river though 
mostly from climatic factors are often traced back to anthropogenic activities. [[3]]. 

Most fascinations on R. Niger have been on its course, originating just a few miles from the 
Atlantic Ocean but flowing away towards the Sahara Desert and making a sharp turn to empty into 
the Atlantic Ocean at the gulf of guinea. Studies have produced a handful of theories over the years, 
which have evolved into our present knowledge of why the Niger acts the way it does [[4]]. This 
knowledge along with the drought of 1984 - within the basin - sparked interests in the flow regime 
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of R. Niger. Matters of hydrology in the R. Niger have been covered extensively in [[1], [5], [6], 
and [7]]; these investigations also included the sole and collective hydrological effects of dams on 
the course of the R. Niger and its major tributaries. Majority of research on anthropogenic activities 
investigate the environmental conditions of the oil rich Niger Delta [e.g. [8]], while others 
investigate infrastructures on the river [e.g. [3]] and few on the effects of wastewater [e.g. [9]]. The 
hydrological impacts are well known therefore this research aims to compile the knowledge of the 
activities around the R. Niger, in order to understand the sources of non-hydrological stresses on the 
river. It focused on some of the impacts caused by the activities and living conditions of people in 
the riparian communities, with reference to more common environmental challenges. 


2. METHODOLOGY 

The anthropogenic activities along R. Niger including dams, mining and other human activities 
were mapped on its course. The location of tributaries helped to approximate the point at which an 
activity occurs. Following the presence of significant knowledge on hydrologic conditions, this 
paper assessed the effects of human activities and points to the natural occurrences which stimulate 
them when necessary. Research was done mostly using academic and non-academic sources. 
Academic sources however, did not cover in depth the situation at the upper trenches particularly 
Mali and Niger in which case non-academic sources were employed. Video documentaries on 
people, culture, livelihoods and devastations along the R. Niger proved particularly useful and 
provided a virtual tour along the river course from which anthropogenic activities and their effects 
were detected and recorded [[10]]. News outlets were additional non-academic literature sources for 
the upper trenches. Extra caution was taken when using this type of source, and activities reported 
were checked across other news outlets and the accuracy of the information was gauged through 
consistency across at least three independent outlets. Databases of organisations such as Worldbank, 
African Development Bank AFDB, and the Food and Agriculture Organisation of the United 
Nations FAO gave credible light on the hydrology of the Basin, location of infrastructure along the 
Basin, as well as projects and activities of the Niger Basin Authority NBA. Although these sources 
often correlated the information from the newspaper articles, further research presented them as in- 
exhaustive particularly for smaller infrastructure, low-impact projects or projects with medium- 
impact but long term execution. 


2.1 Tributaries 

There are three major tributaries of the R. Niger in Guinea — Rivers Niandan, Tinkisso and 
Milo. In Mali, two main tributaries join the R. Niger — R. Sankarani rising from Guinea and R. Bani 
rising from Ivory Coast. In Niger Republic, the R. Niger is met by six major tributaries originating 
from Burkina Faso — Rivers Sirba, Gouroual, Dargol Gouroubi, Diamangou and Tapao. Further 
downstream R. Niger is joined by a seasonal transboundary river known as Vallee de l Azaouak 
(also called Vallee de l Azhar in southern Mali) which drains part of Southern Algeria, South- 
Eastern Mali and Northern Niger. At the Benin-Niger border, three rivers join the R. Niger — Rivers 
Mekrou, Alibori and Sota. Many small rivers join the R. Niger in Nigeria but its main sources of the 
water in this country are Rivers Sokoto-Rima, Kaduna and Benue, with R. Benue being the largest 
tributary of the R. Niger. R. Benue originates in the Faro highlands in Cameroun and is joined by 
the R. Faro before entering Nigeria. One of the main tributaries of the R. Benue is the R. Gongola, 
joining nearly midway of R. Benue’s course. R. Benue joins the R. Niger at Lokoja on its way 
flowing southerly, R. Niger then disperses into several distributaries, forming the Niger Delta and 
entering the Ocean at the Niger Delta [[5], [6], [11]]. These are the main tributaries often referred to 
when addressing matters of the R. Niger. 
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3. RESULTS 

Some of the impacting occurrences found along the river length happened at defined locations and 
were mapped out. A lot of them however, occurred very frequently along the river length and 
mapping them out proved to be of no practical relevance therefore, within this reason, they were 
assumed to occur along the entire length of the river. Figure 1, maps the location of some 
occurrences along the River Niger which influence its flow and quality, with respect to some 
tributaries. It can be seen that majority of the activities occur in the upper reaches in Mali, with 
some high impact activities in Nigeria and a few in Niger. 
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Figure 1. Anthropogenic and Natural Occurrences along River Niger and its major tributaries. 


3.1 Dams 
On R. Niandan is Fomi Dam, currently under construction, near the confluence of Rivers Niger- 
Niandan. On R. Sankarani is the Selingue Dam and on R. Bani are two dams: Djenne Dam and Talo 
Dam. On R. Niger in Mali there are two dams: Sotuba Dam downstream of Rivers Niger-Selingue 
confluence and Markala Barrage further downstream [12]. After the turn at the edge of the Sahara 
lies the site of the Taoussa Dam. Before the confluence of Rivers Niger — Sirba is the location of the 
Kandadji Dam project. R. Niger enters Nigeria at the intersection of Benin-Niger-Nigeria borders, 
and has two large dams and a major bridge on its path — the Kainji Dam, the Jebba Dam further 
downstream, and the Niger Bridge just before the Niger-Delta. The R. Sokoto Rima joins the R. 
Niger in Nigeria first and has two dams on its path: Gussau Dam on R. Sokoto and Goronyo Dam 
on R. Rima. R. Kaduna joins R. Niger after the Jebba Dam and holds the large Shiroro Dam. R. 
Benue is the largest tributary of the R. Niger. The R. Gongola has two dams on its course — Dadin 
Kowa Dam and Kiri Dam [[5], [6], [11]]. 

Some of these dams although beneficial to human population had the river system in mind by 
design for example Taoussa Dam which was also designed to improve the problem of 


66 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


desertification in the Saharan proximity of the R. Niger by increasing flooding into the Saharan 
Lake Fagueibine system [[12]]. However, excessive evaporation in the Taoussa Dam location 
means that this dam not only displaces its upstream population, but denies the downstream 
population of a lot of flood water for agriculture; it also denies the river of a lot of discharge force 
midway into its journey. This is a common problem associated with dams and reservoirs, 
particularly those located in the Sahel climate region. Dams designed to increase the water 
discharge during the dry season also deprive land of recovery period after the flood, which is 
especially detrimental to those susceptible to erosion along the river banks. 


3.2 Mining and Drilling 

The land in the Niger River basin is particularly potent with natural resources and these resources 
are being harnessed, including Uranium mining in the upper reaches of Vallee de l’ Azaouak, Iron 
Ore mining in Mali, Ivory Coast, and near the Niger — Benin border, Salt mining in Niger, 
Limestone in Mali, Coal mining at Lokoja, Lead mining in southern Nigeria, and Oil and Gas 
exploration in the Niger Delta region of Nigeria. Some of these mining sites are closed or have 
reduced activities; an example of this is coal mining in Lokoja, which had some sites closed due to 
an overwhelming oil exploration in Nigeria but small tributaries continuously bring water from the 
contaminated sites into the R. Niger. Although Vallee de l'Azaouak runs surface water mainly in 
the rainy season with a lot of sediments and high evaporation, a lot of its waters drain the Uranium 
mine site and go into the R. Niger as groundwater. After the dry season, the new rain brings heavy 
sediment load and “red floods” can be seen in some locations due to erosion of iron oxide rich soil. 
These mines are sources of pollutants which kill sensitive biota in the water [[7], [13], [14]]. 


3.3 Markets, festivals and traditional activities 

Confluences often form good locations for markets because of their easy access to affordable 
transportation in different directions, particularly for live goods — a good example is Rivers Niger- 
Bani confluence at Mopti. River side markets put stress on the river; they often house craftsmen, 
such as Boat carvers and the waste products from these crafts such as wood chipping and broken 
equipment wash into R. Niger, piling up at the banks and eventually getting buried under settling 
sediments and raising the river banks. The R. Niger bank houses the largest market in Africa — the 
Onitsha market — at Onitsha, before the Niger Delta. Trips to markets could last from hours to days, 
the boats used are usually old and leak fuel into the water, and are washed at the market banks. 
Long haul trips have people living on the boats for days and disposing solid, animal and human 
waste into the water. Festivals, marriages and boat launching in Western Africa commonly involves 
the use of water, particularly where there is a flowing source nearby. Festivals, such as the fishing 
festival, harvest festivals and other sporting festivals bring numerous people into the water at the 
same time instantaneously decreasing the number of fishes in the water, disturbing fish spawning 
grounds, and often killing juvenile fishes in the water. Boat launching occasionally involves the 
sacrifice of animals in the river, believed to make the river accept the boat and keep it safe. Other 
common instream uses of the river continually stir up the water causing extended periods of high 
amounts of suspended sediments [[15], [16], [17], [18], [19]]. 


3.4 Farming, fishery and deforestation 

The main occupations of people by the river side are farming and fishing. Fishing occurs along the 
length of the river length at depths over 0.5m. Dams such as Selingue, Talo and Kiri were created 
for the primary function of irrigation, and all Dams on the R. Niger were purposed to promote 
fishery along with their primary functions. The two deltas support rice and other crops which thrive 
in floods and their shallow waters also help to promote net fishing. Herdsmen also bring their 
livestock to the riverside to drink water as well as feed on riparian vegetation. These herdsmen 
often lead their cattle along the banks of the river for months, threading miles of the river banks, 
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destroying vegetation and also leaving waste to be washed into the river. Practices associated with 
farming such as application of fertilisers and pesticides often increase the amount of certain 
chemicals in the water, including heavy metals such as Lead and chromium. The Inner Delta has 
been found to have increased levels of Lead and other heavy metals, some of which are toxic to 
humans and aquatic life, and come from the use of fertilizers. Also use of pesticides in cotton 
production has been seen to have an effect on reproduction in fish ecology. Forests are associated 
with acidic waters and the natural forest vegetation in the Niger Delta in Nigeria stimulates 
deforestation which causes severe land erosion [[20], [21]]. 


3.5 Flooding and Evaporation 

In the Sahel Reaches of the R. Niger, the rainy season is much anticipated for the flood it brings 
which promotes agriculture and other pastoral livelihoods. The reach of the flood each year, serves 
as evidence of drought and desert encroachment but the further the reach, the more open animal and 
human waste it washes into the water. Although in some reaches such as the Niger Delta, year- 
round flooding has caused severe shortage of housing, causing entire villages to live in elevated 
houses on the water. Intense flooding is undesirable at inhabited areas along the river basin; it 
causes loss of house and property and storms and sewage drains overflow onto streets and run into 
the river body along with other small materials. This kind of flooding has been seen to occur along 
the Benue. Flooding also occurs when large amounts of rain falls over extended periods causing 
Dams and Weirs to give way. Evaporation is a major problem to the R. Niger because of its climate 
region. It is particularly a problem at places with shallow waters; evaporation is estimated to take 
about half of the water entering the Inner Delta, with some lose to seepage [[5], [6], [11]]. 


3.6 Settlement — domestic and industrial waste 

River confluences also host large settlements; initially, it was predominantly for transportation and 
accessibility, but gradually its uses extended to provision of water upstream and disposal of 
wastewater downstream. In more rural areas, these settlements have compost sites which runoff into 
the water. Sites along the R. Gongola, R. Kaduna, and along the R. Niger in Mali have industries 
such as the Textile and Tannery industries, with runoffs containing high amounts of heavy metals. 
Pottery industries which is common among the women of Mali and Niger, often brings ash from the 
clay firing process. Wastewater disposal into R. Niger has been recorded at parts of Niger and 
Nigeria, and runoff from composting pits is the most common source of wastewater into the river at 
Mali [[9], [15]. [18]. [19]]. 


4. DISCUSSION 


The Niger Basin Authority NBA is made up of 11 member states affected directly or indirectly by 
R. Niger; they deliberate on and oversee the affairs of the R. Niger and the activities on its major 
tributaries. In carrying out its functions, the NBA has made progress towards optimal use of the R. 
Niger, although natural occurrences such as great falls in the hydrological regime, uneven surface 
water resource distribution, including inactive regions, still lead to unequal development and cause 
challenges in management of the river basin [[23]]. Projects such as the Kandadji Dam — known as 
Kandadji regeneration of ecosystem and development of the Niger Programme - have given priority 
to the environment and state of the R. Niger [[24]]. Dams like Fomi which have been designed to 
include capacity for water discharge regulation — less water during the rainy season and more water 
in the dry season — will cause a decrease in the level of water in the inland delta, but will also 
reduce the duration of exposure of some lands to drought [[25]]. Even though new dams show 
increased investment in agriculture and energy, studies on the NBA proposed dams have been seen 
to have major impacts particularly hydrological [[26]], but the transboundary benefits of these dams 
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mean that undesirable impacts have to be managed across affected countries and overseen by the 
NBA. Predictions note areas with shallow waters exposed to desertification and parts of the inland 
delta drying up completely [[11]]. Dams and reservoirs displace people from their homes and as 
much as people need a river for sustenance, a river also needs its people because people introduce 
waste into the water which provides for the lower food chain and in turn supports the river's 
ecosystem. 

Restoring the River Niger is not only a task that should be undertaken by the Niger Basin 
Authority NBA, but also by the people on the river bank and the local authorities. Often these 
people have general rules set by their unit heads as guidelines concerning location of compost pits, 
disposal of solid waste and parts of the river for domestic activities in order to maintain a good 
quality of water for drinking and fishing but the nomadic nature of some of the people, particularly 
in the Sahel and Fulani reaches, does not promote the continuity of a particular quality of water at a 
site. Less rain and decreased flooding during the rainy season is causing increased migration 
towards to the river bank during the dry season because water from the rainfall was not enough to 
last the dry season. Regulation of markets along R. Niger has become a necessity for the overall 
wellbeing of the river and not just the problem of market users since solid waste washes unfiltered 
into the river. Large markets such as Onitsha market, albeit more developed than those in Mali, do 
not have drainage systems adapted to the condition created by overcrowding as well as heavy 
rainfall; and like most markets, they have piles of solid waste around or blocking their drains, 
leaving poor quality surface water to flow into the river [[22]]. The NBA is not usually responsible 
for the standards at these markets; such responsibilities lay with the local authorities and often 
traders’ unions. It is often the case that traders with similar products for sale form clusters to help 
the customers know where to go for particular items, but due to the fact that various products 
produce different kinds of waste, this approach keeps some parts of the market cleaner than the 
others. 


5. CONCLUSION 


The Upper Trenches of the Niger could benefit from more research to inform better decisions by the 
Niger Basin Authority. Most projects in this region receive funding from Worldbank, African 
Development Bank AFDB, humanitarian organisations and NGOs. Efforts to restore the R. Niger 
should come at the pipeline stage of projects. The organisations commonly involved have 
benchmarks to ensure minimal environmental and human impact in their projects but do not put into 
consideration the domino effect caused by each criterion on the other. Bearing this mind would help 
restore ecological connection between people and the water, and will serve as a good step towards 
regenerative sustainability as opposed to the current approach of using dams. Adaptation to 
processes of regenerative sustainability will integrate human fulfilment with environmental interests 
and promote socio-environmental resilience, particularly with impacts from settlements and 
industrial activities 

Tradition rites, festivals and market activities are part of the African culture and persuading 
people to avoid generational activities will be futile; but taking advantage of people's consciousness 
of the *ways" of the river and their first-hand experience in observing the behaviour of the river in 
recent decades will go much further in stirring up response to environmental concerns. Though the 
responsibility of execution of maintenance for R. Niger will depend on cooperation from local 
authorities, Initiative and Funding must come from National river basin authorities, Ministries for 
water and agriculture, Niger Basin Authority, Non-government organisations and charities because 
research must be conducted into the decadal effects of year-round practices of residents in river 
bank communities in order to determine the best practices that ought to be adapted to each 
community to relieve the river. Implementation of these practices will require capital in order to less 


13^ International Conference on Protection and Restoration of the Environment 69 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


the burden on the residents and gain more cooperation. The foreseeable challenge with this 
approach is the same with most associated with adapting new practices to the culture and belief of 
local communities specifically those including built facilities; often, this type of environmental and 
humanitarian project will uncover issues like a) infrastructure built to steer clear of the river runoff 
is too far for residents as a result they continue using the river, b) men and women do not share 
common facilities and disputes also hinder neighbours from sharing hence they continue using the 
river; and certainly, c) the responsibility of maintenance. Factors like these continue to create 
challenges for organisations striving to maintain the R. Niger and demands more dynamic solutions. 
The Niger Basin Authority NBA stands to learn lessons from other international river basin 
authorities. A close example would be the R. Nile basin authority known as the Nile Basin Initiative 
NBI. The NBI share difficulties similar to the NBA such as unequal water resource distribution, 
high evaporation, pollution from tourism activities in the upper course, a very large dam in the 
lower course and extensive farming and fishing. Research on basin management has however 
progressed more in the R. Nile basin than the R. Niger basin. This is because the R. Nile has an 
older and more established basin authority and it runs through more countries with established 
education systems. Nile river basin has benefited from several research on the interaction between 
human activities and the environment, including the roles of the river basin management authorities 
as seen in [[27], [28], [29], [30]]. The Niger could learn from the Nile basin by transforming the 
traditional and cultural uses of the river into modern management tools [[27], [30]], and watching 
closely the delivery of the action plans and initiatives from the Subsidiary Action Program (SAP) 
and Shared Visions Program (SVP) of the NBI. 
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Abstract 


The baker's yeast production by fermentation cause a large quantity of wastewater which is 
characterized by chemical oxygen demand (COD>30.000 mg/L), biochemical oxygen demand 
(BOD>20.000 mg/L), total organic carbon (TOC? 10.000 mg/L), strong odour, and a large amount 
of dark brown colour. Generally, this wastewater is treated by a combination of anaerobic and 
aerobic processes. In our previous study, anaerobic and anaerobic-aerobic effluents of baker's yeast 
wastewater were treated by electrocoagulation (EC) for the removals of color, COD and TOC in a 
batch EC reactor using aluminium electrodes. The maximum color, COD and TOC removal 
efficiencies were obtained as 88%, 48%, and 49% at 80 Alm’, pH; 4, and 30 min for anaerobic 
effluent (AE) and 86%, 49%, and 43% at 12.5 Alm, pH; 5, and 30 min for anaerobic-aerobic 
effluent (AAE), respectively. In this study, AE, treated AE by EC (ECag), AAE, and treated AAE 
by EC (ECaagz) were characterized by XAD-8 resin into four groups: hydrophobic bases (HoB), 
hydrophobic acids (HoA), hydrophobic neutral (HoN) and hydrophilic matter (HiM). All of the 
fractions were measured by total organic carbon analyzer and spectrophotometer (for color 
determination). The affinity chromatography results indicated that the HoA fractions of the 
wastewater were the most dominant colorful fractions, contributing to 89.1296 of the AE and 88.296 
of AAE. On the other hand, the HiM fractions of the wastewater were the most dominant fractions 
in AE and AAE according to DOC results, contributing to 60.6% and 57.6 % of DOC, respectively. 
The results of the EC effluents (ECAg and ECaAAg) showed that the EC process removed the 
hydrophobic components more efficiently, thus color removal efficiencies were higher than DOC 
removal efficiencies. 


Keywords: baker yeast wastewater; affinity chromatography; electrocoagulation; hydrophobic/ 
hydrophilic 


1. INTRODUCTION 


It is not known that yeast have used to bake bread from Ancient Egypt. Since the end of the 
nineteenth century, baker's yeast has been produced by companies that specialize in its production. 
Nowadays, the companies produce hundreds of thousands of metric tons of yeast each year in 
industrial plants. The baker's yeast production process involve four basic steps (I) molasses and other 
raw material preparation, (II) culture or seed yeast preparation, (III) fermentation and harvesting, (IV) 
filtration and packaging. During the production of baker's yeast by fermentation, a large quantity of 
wastewater (BYW) were produced which have extremely high chemical oxygen demand 
(COD>30.000 mg/L), biochemical oxygen demand (BOD>20.000 mg/L), total organic carbon 
(TOC>10.000 mg/L), strong odor, and a large amount of dark brown color. The dark brown color in 
these effluents is originated by the pigment called melanoidins which are resistance to biodegradation 
[1,2]. The dark brown color of BYW interferes with the absorption of sunlight which reduces the 
natural process of photochemical reactions for self-purification of the surface waters. 
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Up till now, various treatment methods such as biological process (anaerobic, aerobic), 
physico-chemical treatment (adsorption, membrane process, reverse osmosis, coagulation/ 
flocculation) and oxidation processes (ozone, Fenton) have been attempted for the treatment of 
BYW. Biological treatnent of BYW, which are most commonly used methods, involves 
combinations of anaerobic digestion and aerobic systems that successfully reduce BOD to 
acceptable limits, but does not deal effectively with either the dark color or the associated COD that 
remains and limits the reuse/recycling of the process water [3—6] (Table 1). 

In our previous study, anaerobic and anaerobic-aerobic effluents of baker's yeast wastewater 
were treated by electrocoagulation (EC) for the removals of color, COD and TOC in a batch EC 
reactor using aluminium electrodes. The maximum color, COD and TOC removal efficiencies were 
obtained as 88%, 48%, and 49% at 80 A/m’, pH; 4, and 30 min for anaerobic effluent (AE) and 86%, 
49%, and 43% at 12.5 A/m? pH; 5, and 30 min for anaerobic-aerobic effluent (AAE), respectively [4]. 

Although our previous studies have been conducted on the decolorization of the BYW by 
EC[4], there are no studies related to understand the effect of the hydrophobic/hydrophilic fractions 
in BYW to the color and dissolved organic carbon (DOC) and the affinity of EC removal 
mechanism on hydrophobic/hydrophilic fractions. Thus, the ratios of hydrophobic/hydrophilic 
fractions in BYW were investigated in this study to evaluate color and DOC removal mechanism of 
EC processes. 


2. MATERIALS AND METHODS 
2.1 Wastewater 


BYW were obtained from a Baker's yeast-manufacturing factory in Kocaeli, Turkey. It had a full 
scale two-stage anaerobic and aerobic biological treatment plant. The wastewater samples collected 
from anaerobic effluent (AE), and anaerobic-aerobic effluents (AAE) were characterized (Table 1). 
As seen in Table 1, the anaerobic and anaerobic-aerobic stages from BYW were effective in 
removing COD (92.2% and 98.0%) except for color (23.6% and 73.6%). 


Table 1. Characterizations of biologically treated baker's yeast wastewater 


Parameters Anaerobic Anaerobic Anaerobic-aerobic 
influent Effluent (AE) Effluent (AAE) 

pH 5.6 7.2 7.7 
Temperature CC) 24 30 25 
Conductivity (mS/cm) 17.24 17.42 7.46 
TS (g/L) 22.2 15.2 5.1 
TVS (g/L) 10.3 4.5 0.72 
TSS (g/L) 1.01 5.08 0.04 
Alkalinity (mg/L) 750 4130 1050 
COD (mg/L) 27920 2160 544 
TOC (mg/L) 6090 919 184 
Color (Abs475nm/cm) 2.50 1.91 0.66 
Absorbance (Abs54nm/cm) 2.92 2.78 2.12 
TKN (mg/L) 648 421 39 
NH3-N (mg/L) 560 297 19 
TP (mg/L) 17.5 12.8 2.05 
PO,-P (mg/L) 9.75 9.72 1.79 
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2.2. Experimental set-up and procedure 


The EC treatment was carried out in a batch electrolytic reactor made from Plexiglas material with 
dimensions of 100 mm x 100 mm x 130 mm. Four aluminum electrodes in the reactor were used as 
cathodes and anodes with effective dimensions of 80 mmx50 mmx3 mm. Total effective areas of 
electrodes were 240 cm. The electrodes were situated 5 mm apart from each other and connected to 
monopolar parallel connection mode. 

Before each run, the electrodes were dipped into solutions of HCl (35%) and hexamethyle- 
netetramine (2.8%) to remove the oxide and/or passivation layers from the electrodes". The electrodes 
were placed in the reactor and solutions were mixed at 300 rpm in the EC reactor. In each run, 0.8 L 
sample was placed into the EC reactor. The current density (CD) was adjusted by a digital DC power 
supply (TDK-Lambda Genesys model; 50 V-30A) operated at galvanostatic mode and the experiment 
was started. At the end of the run, the electrodes were washed thoroughly with water to remove any 
solid residues on the surfaces and dried. All experiments were performed at 25 °C. 


2.3. Analytical method 


The samples were filtered using a 0.45 um Whatman glass microfiber filter for COD and TOC. 
Total COD and TOC were measured according to standard methods [7]. COD was measured by 
closed reflux titrimetric method and TOC levels were determined through combustion of the 
samples at 680 °C using a non-dispersive IR source (Tekmar Dohrmann Apollo 9000). Initial pH 
(pHi) of sample was adjusted with H2SO4 or NaOH and measured by pH meter (WTW Inolab pH 
720). Color contents were measured using a UV-vis spectrophotometer at 475 nm (Perkin-Elmer 
550 SE) [8]. 


2.4. Chromatographic separation 


There is a growing interest on the part of researchers to determine the affinity of natural organic 
compounds in water/wastewater and it is clear that affinity of compounds affect the removal 
mechanism in different treatment systems. In recent years, it has been found that high recoveries of 
organic compounds from water/wastewater are possible with macroreticular Amberlite XAD resins. 
These resins are nonionic, macroporous copolymers which possess large surface areas. There has 
been much study of the use of XAD resins for isolation, concentration, and chromatographic 
separation of many classes of compounds [10-14]. Many of researcher were interested with 
development and modification of resins adsorption [10,15]. Thus, this methods have extensively 
used to separation of natural organic compounds [12]. 

In this study, fractions of BYW were realized by sorption on the XAD-8 resin at the controlled 
polarity to quantitatively into hydrophobic-base (HoB), -acid (HoA), and -neutral (HoN) fractions 
and hydrophilic (HiM) fractions. This procedure based upon adsorption on ion-exchange resin 
adsorbents. Amberlite XAD-8 polymeric resins is a non-ionic, hydrophobic, and cross-linked polymer 
[9-11]. The resins were cleaned and conditioned as described by Leenheer et al., (1981) [10]. First, 
resins were extracted by acetone and hexane by sequential 24 hours by Soxhlet extractor for removing 
organic substances. Then, the resins were rinsed with 0.1 N NaOH, 0.1 N H3PO,, and distilled water. 
Cleaned XAD-8 resin was stored in methanol. Then, the modified procedure, which was described by 
Wei et al., (2008) [12] and Vojvodic et al., (1994) [13], was used for fractionation of organic matter 
into hydrophobic and hydrophilic fractions by sorption on the XAD-8 resin (Fig 1). 
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Figure 1. The fractionation procedure of BYW by XAD-8 


The fractionation procedure steps of BYW by XAD-8 were as following: (1) the pH of filtered 
sample was adjusted to 2 by H3PO, and then passed through XAD-8 resin (2) HoA was obtained by 
backwashing the XAD-8 resin immediately with 10 bed-volumes of 0.1 mol/L NaOH (3) the pH of 
effluent from 1. column was adjusted to 7 and passed through 2. column (HoN was adsorbed in 2. 
column and HoN was calculated by the difference from effluent of 1. and 2. column ) (4) the pH of 
effluent from 2. column was adjusted to 11 and passed through 3. column (effluent of 3. column 
was HiM) (5) the adsorbed fraction in 3. column was backwashed to obtain HoB by 0.1 mol/L 
H3PO.. Finally DOC and color (AU47s) of all fractions were measured. 


3. RESULTS AND DISCUSSION 


In our previous study, anaerobic and anaerobic-aerobic effluents of BYW were treated by 
electrocoagulation for the removals of color, COD and TOC in a batch EC reactor using aluminium 
electrodes. The optimum color, COD and TOC removal efficiencies were obtained as 8896, 4896 
and 49% at 80 A/ny?, pH; 4 and 30 min for anaerobic effluent (AE) and 86%, 49% and 43% at 12.5 
A/m?, pH; 5 and 30 min for anaerobic-aerobic effluent (AAE), respectively. In this study, the 
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contribution of the hydrophilic and hydrophobic organic compounds in BYW to color and DOC of 
the wastewater were measured by adsorption chromatograph for determination of the electro- 
coagulation affinity on compounds. 

Adsorption chromatography was applied to raw (AE and AAE) and treated wastewater by 
electrocoagulation (ECAg and ECAAg). Then, DOC, color (at 475 nm) and the aromatic character of 
compounds (at 254 nm) in BYW were determined as seen in Table 2-4 and Fig. 2. 


Table 2. The DOC results of fractioned AE, AAE, ECag and ECAAg wastewater by XAD-8 resins 


DOC 
AE AAE ECar ECaAAE 


mg/L Ratio(%) mg/L Ratio(%) | mg/L Ratio(%) mg/L Ratio (%) 


aa 935.5 1000 142.3 100.0 591.5 1000 53.8 1000 
HoA 402.9 43.1 66.7 468 1956 33.1 184 342 
HoN 27.6 3.0 17 1.2 -19.9 — .34 -0.6 -1.1 
HoB -62.1 -6.6 -8.0 -5.6 42 -0.7 -2.6 -4.8 
HiM 567.1 60.6 82.0 576 4200 710 386 718 
rid 935.5 1000 142.4 1000 5915 1000 538 1001 


Table 3. The absorbance results at 254 of fractioned AE, AAE, ECag and ECaar wastewater by 
XAD-8 resins 


254 nm 
AE AAE ECag ECaar 


AU Ratio (%) AU Ratio (%) AU Ratio (%) AU Ratio (%) 


Measured — 550, i000 0.060 1000 0.064 1000 0054 1000 
Total 

HoA 0.166 71.6 0.033 50.8 0.006 6.0 0.011 12.9 
HoN 0.002 0.9 -0.0 -43 0.001 1.0 0.001 1.2 
HoB 0.003 ie) -0.002 -34 0.029 289 0.025 287 
HiM 0061 263 0.037 569 0.064 641 0049 572 
Calculated 55.) — (000 0065 1000 0.100 1000 0.086 1000 
Total 
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Table 4. The color results of fractioned AE, AAE, ECag and ECAAg wastewater by XAD-8 resins 


475 nm 


AE AAE ECar ECaAAE 


AU Ratio(%) | AU Ratio(%) | AU  Ratio(4) | AU  Ratio(^46) 


oem 1491 1000 0.381 1000 0.150 1000 0.044 1000 
HoA 1.328 89.1 0.338 882 0.134 875 0.036 789 
HoN 0.118 79 . 0.031 8.1 0000 0.0 0.000 0.0 
HoB 0002 01 0.001 04 0.001 0.8 0.001 13 
HiM 0.043 29 0.013 34 0.018 117 0009 197 
t 1491 100.0 0.383 1000 0.153 1000 0.046 1000 


As seen in Table 2, the HiM fractions of wastewater had a large amount of contribution to DOC and 
contribution ratio of the HiM fractions to AE, AAE, ECag and ECA;g were measured as 60.6%, 
57.6%, 71.0 and 71.8%, respectively. On the other hand, the low or negative values of HoN and 
HoB were very attractive. Two possible reasons may cause these the negative values. First, the 
dilution of wastewater during adjustment of pH decreased the wastewater's DOC. Second, the 
precipitation of the some organic compounds in BYW at higher pH were realized as reported 
before". Probably, XAD resins acted as a filtrate for these precipitated organic compounds. In 
addition, similar negative results, obtained during the separation of organic compounds by XAD 
resin, were reported in literature [9]. 

As seen in Table 3-4, the highest contribution for color was originated by HoA and the color 
contribution ratio of the HoA fractions to AE, AAE, ECar and ECA,g were measured as 89.1%, 
88.2%, 87.5% and 78.9%. The lower contribution results of other fractions (HoN, HoB and HiM) to 
color showed that the color of wastewater was originated by HoA compounds. These results was 
well agreement with literature [9]. 

According to DOC results, after anaerobic treatment the ratio of HoA increased and the ratios 
of HoN and HiM decreased. The changing in HoB was not significant. On the other hand, after EC 
treatment the ratios of HoA and HoN decreased and the ratios of HoB and HiM increased. The 
similar results were obtained in color measurement. According to color and DOC results, the HoB 
and HoN fractions had not an important contribution to color and organic contents. 

As seen in Fig.2, HoA fractions of AE were changed from 402.9 mg/L to 195.6 mg/L during 
EC and removal realized as about %51. Although, HiM fractions of AE were changed from 576.1 
mg/L to 420.0 mg/L during EC and removal of DOC realized as only about 9625.9. Similar trends 
were obtained in treatment of AAE by EC. HoA fractions of AAE were changed from 66.7 mg/L to 
18.4 mg/L during EC and removal realized as about 9672.4. HiM fractions of AAE were changed 
from 82.0 mg/L to 38.6 mg/L during EC and removal of DOC realized as only about 9653.0. These 
results showed that the preferential removal of HoA fractions was realized by EC. 
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Figure 2. The results of fractioned AE, AAE, TAE and TAAE wastewater by XAD-8 resins 


4. CONCLUSIONS 


In this study, anaerobic and anaerobic-aerobic effluents of baker’s yeast wastewater were treated by 
electrocoagulation (EC) for the removals of colour, and TOC in a batch EC reactor using aluminium 
electrodes. The maximum color, COD and TOC removal efficiencies were obtained as 88%, 48% 
and 49% at 80 Alm’, pH; 4, and 30 min for anaerobic effluent (AE) and 86%, 49%, and 43% at 12.5 
A/m?,pH; 5, and 30 min for anaerobic-aerobic effluent (AAE), respectively. In addition to, AE, 
treated AE by EC (ECag), AAE, and treated AAE by EC (ECAAg) were characterized by XAD-8 
resin into four groups: hydrophobic bases (HoB), hydrophobic acids (HoA), hydrophobic neutral 
(HoN) and hydrophilic matter (HiM). The affinity chromatography results indicated that HOA were 
the most dominant colourful fractions, contributing to 89.12% of the AE and 88.2% of AAE. On the 
other hand, HiM were the most dominant fractions in AE and AAE according to DOC results, 
contributing to 60.6% and 57.6 % of DOC, respectively. The results of the EC effluents (ECAg and 
ECAAr) showed that the EC process removed the hydrophobic components more efficiently. 
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Abstract 


The natural organic matter (NOM) present in water bodies is a complex mixture of organic 
substances such as humic and fulvic acids, proteins, lipids, hydrocarbons and amino-acids. The 
major fraction of the NOM occurs by degradation of plants and animals residual in terrestrial areas 
and aquatic systems. The NOM is a direct problem in drinking water due to colour and taste. 
Indirectly, NOM is a problem because it reacts with the most commonly used disinfectants, 
chlorine, to form disinfection by-products some of which have been associated with an increased 
risk of cancer. NOM can be define according to its biophysico-chemical functions and properties, as 
humic (humic and fulvic acid) and non-humic substances (hydrophilic acids, carboxylic acids, 
amino acids, carbohydrates, hydrocarbons). Humic substances (HSs) basically humic acids (HAs) 
that are comprised of highly functionalized carbon rich polydisperse polyelectrolytes are the major 
fraction of naturally occurring organic matters. Thus, the removal of HAs is an essential process. 
This investigation was focused on develop of an innovative reactor and electrode configuration for 
the removal of humic acid (HA). The fixed-bed electrocoagulation reactor comprised of aluminium 
ball anode electrodes that placed in a cylindrical reactor. DOC and UV2s54 were taken in account for 
reveal the removal efficiency of HA. The effect of initial pH (pH), current density (j, mA/cm?), 
operating time (min, t), and initial humic acid concentration (Co, mg/L) were investigated. The 
result showed that the maximum DOC and UV2s54nm removal efficiencies were obtained at 4 of pH , 
6 mA/cm/ of current density and 30 mg/L of initial HA concentration as 90.76 and 95.66 %, 
respectively. 


Keywords: humic acid; electrocoagulation; fix-bed; Al electrode 


1. Introduction 


The natural organic matter (NOM) present in soil, sediment, and water bodies is a complex mixture 
of organic substances. The major fraction of the natural organic matter (NOM) occurs by 
degradation of plants and animals residual in terrestrial areas and aquatic systems. The environment 
in which NOM is formed plays a critical role in determining the specific properties of any given 
sample of NOM. Humic substances as the dominate fraction of aquatic NOM constitute 40-60 
percent of dissolved organic matter (DOM) in natural fresh surface waters [1]. NOM can be define 
as humic (humic and fulvic acid) and non-humic substances (hydrophilic acids, carboxylic acids, 
amino acids, carbohydrates, hydrocarbons.). NOMs constitute a severe subject in natural and 
engineering systems. NOMs are effective in transporting of the metals and organic pollutants. The 
NOM is a direct problem in drinking water due to colour and taste. Also, NOM is a problem 
because it reacts with the most commonly used disinfectants, chlorine, to form disinfection by- 
products (DBP's) some of which are mutagenic and carcinogenic during the chlorination process in 
water treatment systems [2]. Consequently, removal of HA from surface water or wastewater is 
major and considered of great health and environmental concern. Apart from conventional 
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treatment process, activated carbon filtration, ion exchange, membrane filtration techniques [3,4], 
and advanced oxidation processes [5] are placed in literature for removal of NOM from water. But 
many of the above treating methods have some problems such as annual high operation costs, 
process control, flux decline and the membrane fouling in membrane processes. 

Recently, electrocoagulation (EC) has been suggested to be a promising alternative to chemical 
coagulation for removing various pollutants from water and wastewaters [6, 7]. This method has a 
lot of advantages when compared to conventional and advanced water treatment methods such as 
simple equipment, easy to operate, low maintenance cost, short operating times, not consumed of 
alkalinity; not needed of pH adjustment, cost-effective, reduction or absence of adding chemicals, 
rapid sedimentation of the electrogenerated flocs and lower quantities of produced sludge and 
environmental compatibility [8, 9]. EC treatment is a complicated process involving many chemical 
and physical phenomena. EC process depends on a current that is applied from an external power 
pass through the electrodes in an electrochemical reactor. Mainly the metal ions (AP*, Fe^* and 
Fe^*), are in situ generated by electrolytic oxidation of the sacrificial iron or aluminium electrode 
materials. At the same time, the reduction of water, which occurs on the cathode, participates to the 
elimination process owing to the production of hydroxide ions and hydrogen gas. Two major 
interaction mechanisms are being considered in recent years; precipitation and adsorption, each 
being proposed for a separate pH range. 

EC process has proved to be efficient with regard to the removal of aquatic humus and 
including high NOM concentration water [10, 11]. The effective removal of HSs from aqueous 
solution has been proved with EC studies but the significant gaps present looking at literature about 
electrode shape, reactor design, operation condition. 

The design of the EC process influences its operation and efficiency. From the literature, the 

most common approach involves plate Al or Fe electrodes in EC reactors. The sacrificial electrodes 
are dissolved into wastewater streams as a result of oxidation, and need to be regularly replaced- 
However, changing and maintenance of these electrodes used in the EC reactors are time 
consuming and not practical—Therefore, new fixed bed EC reactors used of Fe or Al ball anodes 
have specifications of compactness, easy to use, accommodating of more anode electrodes with 
higher surface areas and providing better removal efficiency for the HSs removal from water. 
This investigation was focused on develop of an innovative reactor and electrode configuration for 
the removal of NOM. The fixed-bed electrocoagulation reactor comprised of aluminium ball anode 
electrodes that placed in a cylindrical reactor. The optimum conditions were determined by TOC 
and UV254/VIS436 measurements. 


2. MATERIALS AND METHODS 


2.1. Material 

In this study, synthetic waste water was prepared using tap water with adding different humic acid 
concentrations. Humic acid was supplied from Sigma-Aldrich. 1000 ppm stock humic acid solution 
was prepared in dissolving 0.1 N NaOH. The initial concentrations of synthetic waste water were 
prepared as 50, 30, and 10 ppm by dilution the stock humic acid solution and the initial DOC value 
of solutions were 16.92 mg/L, 10.28 mg/L and 5.61 mg/L, respectively. The UV254 was 1.433 cm", 
0.863 cm'!, and 0.291 cm’! of raw synthetic solution (no pH adjustment) for 50 ppm, 30 ppm, and 
10 ppm, respectively. The pH value of the synthetic solution was adjusted before the experiments 
by the addition of H2SO4 ve NaOH. All experiments were conducted at room temperature (20+1 
°C). The characterization of tap water that used in this study was given Table 1. 
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Table 1. The characterization of tap water 


Parameters Value 

pH 7.6 
Conductivity (mS/cm) 0.85 
Dissolved Oxygen (mg O2/L) 6.2 
Chloride (mg/L) 0.35 
Sulphate (mg/L) 18 

Alkalinity (mg/L CaCO3) 85 

Total Hardness (mg/L CaCO3) 120 


2.2. Experimental set-up and procedure 


In this study, the removal of HS was conducted in batch mode by EC process. The structure of EC 
reactor was shown in Figure 1. Al ball electrodes that were used as anode were put into a cylindered 
like a nett for prevent connection with cathode. 1000 mL synthetic HA solution was put into 
cylindrical fibreglass batch reactor (Figure 1). The air supply was done from bottom for mix of 
solution in the reactor via air compression. Air flow rate was measured by a gas flowmeter. The 
samples that were taken from reactor certain interval were filtered through 0.45 um pore size 
membrane before UV/VIS, NPOC (Non-Purgable Organic Carbon) analysis. Before the 
experiments, electrodes washed with 0.5 N H5SO, solution and rinsed with deionized water, then 
dried in the oven and put in a desiccators to cool down. After each experiment, the same process 
was applied. 

Cylindrical titanium electrode that has 72 mm diameter was used as cathode in EC reactor. Al 
ball electrodes were used as cathode in the range of 5-10 mm diameter. A titanium rod was placed 
in the middle of anode material (Figure 1). These (anode) electrodes were put into an all porous 
surface cylindrical vessel (almost 3 L) that is made of polymeric/plastic like a nett for prevent 
connection with cathode. Current and voltage at anode and cathode were checked (observed) with a 
DC power supply. Experiments were conducted at constant current. 


Figure 1. A schematic diagram of the air fed EC reactor (1. Air compressor, 2. Air flow meter, 3. 
DC power supply, 4. Cylindrical shaped titanium (Ti) cathode, 5. Al ball anodes,6. 
Polymeric/plastic nett, 7. Titanium rod, 8. EC reactor). 
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2.3. Analytical methods 


The turbidity, dissolved oxygen, conductivity and pH parameter were measured by Mettler Toledo 
device. Absorbance readings were carried out by Perkin Elmer Lambda 35 UV/VIS Spectro- 
photometer. DOC concentration samples were determined by the high combustion Schimadzu 
TOC-L analyzer equipped using NPOC method with auto sampler. 


3. RESULTS AND DISCUSSION 
3.1. Effect of initial pH on HS removal 


In EC process, the pH is one of the most important parameters due to the effect on both metal 
hydroxide species and pollutant parameters in wastewater. In experiments, initial pH (pHj) values 
were arranged to 4, 6, and 8. The operating time means that electrolysis time of EC process and it 
was 25 min. 

As it is seen in Figure 2.a), the highest treatment efficiency for HA solution was 90.896 with 
DOC treated 0.95 mg/L at pH; 4 end of the process at constant current density of 6 mA/cm? and 30 
ppm of initial concentration of HA. At 6 and 8 of pH;, DOC removal efficiency was reduced 85.6% 
and 55.8% with effluent DOC concentration of 1.48 mg/L and 4.53 mg/L, respectively, at the end of 
the process. The reactive stage continued until 15 min electrolysis time for pH; 4. Stabilizing stage 
was observed after this time. The reactive stage continued until almost the end of the process for 
pHi 6 and 8. Obviously, the lower pH values led to faster removal and better efficiency in DOC. 
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Figure 2. The effect of pH on a) DOC removal efficiency b) UV254 reduction during EC process 
pH (j=6, initial HA concentration=30 ppm). 


Aluminum species has a more positive charge at low pH when they were formed in acidic 
initial pH due to lack of hydrolysis. It can be concluded that negative charge centers on the 
macromolecule of functional groups of organic substance to which AI cations are strongly attracted 
and destabilization of colloid occur. Figure 2.b) shows UV»s4 removal efficiency was 95.7% at 4 of 
pHi. 
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3.2. Effect of current density on HS removal 

The amount of dissolving metal from anode electrodes increase with enhancement current density 
and the higher removal efficiency of pollutant can obtain. But, a limited current density value is 
recommended in order to avoid some negative effect on process such as higher energy consume, 
breakage of occurred flocs, the heating of solution. 

Figure 3, shows the effect of different current densities on HS removal with respect to DOC 
and UV»s, at 6 of pHi. The studied current densities were 2 mA/cm/, 6 mA/cm? and 10 mA/cm?. 
Higher current density led to more HS removal efficiency. At 25 min, 85.6% (DOC reateq 1.48 mg/L) 
of humic acid removal can be achieved with a current density of 6 mA/cm/, but 65.9% (DOC reatea 
3.50 mg/L) of removal was obtained when the current density was reduced to 2 mA/cm? with Al 
electrodes at pH; 6, as it is seen in Figure 3.a). But, at 10 mA/cm? of current density of, DOC 
reduction was 83.3%. It can be concluded that the DOC removal efficiency would not increase after 
a certain current density (optimum current density). The maximum DOC removal efficiency was 
obtained at 6 mA/cm? of current density and UV»s4 reduction was 97.2% (Figure 3.b). 
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Figure 3. The effect of current density on a) DOC removal efficiency b) UV254 reduction during 
EC process (pH;-6, initial HA concentration=30 ppm) 


3.3. Effect of initial concentration on HS removal 


As it is seen in Figure 4, the effect of initial concentration of HA solution was investigated at 
optimum current density and pHi. HA solution including the lowest concentration was the most 
resistant to EC treatment with DOC reduction of 55.9% (DOC treated 2.48 mg/L). When the 
concentration of solution was increased, the removal efficiency was increased as 85.6% (DOC treatea 
1.4 mg/L), 90.2% (DOC reateqd 1.66 mg/L) for 30 ppm and 50 ppm, respectively, at the end of the 
electrolysis time. At highest concentration, removal rate was fast until 5 min. After this electrolysis 
time the removal rate was increased. As it is seen in Figure 4.a), reactive phase could continue after 
25 min at 10 ppm, and 30 ppm. At lower concentration the in situ produced Al coagulants didn't 
react with organic matter immediately. The more electrolysis time requires in order to increasing 
removal efficiency. 


84 13^ International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


DOC removal efficiency (96) 
è 


z C, ppm 

ee —m-— 10 

20 —A— 30 

—e—50 

0 a 
0 5 0 15 0 | 2 SG c uei ows ek ed 
-- . 0 5 10 15 20 25 
Operating time (min) Operating time (min) 


Figure 4. The effect of initial HA concentration on a) DOC removal efficiency b) UV254 reduction 
during EC process (j=6 mA/cm’, pH=6). 


4. CONCLUSIONS 


This study represents the treatability of humic matter by EC process using Al anode electrodes. 
Sigma HA used as natural organic matter in drinking water supplies. The maximum removal 
efficiency was obtained 90.76% with DOCtreated 0.95 mg/L at pH; 4 and 6 mA/cm? of current 
density. UV254 reduction was 95.7% with 0.037 cm™ at optimum conditions. It can be concluded 
that initial pH have major effect on the removal of DOC and UV254. The current density should be 
optimized. The removal performance of organic matter including different concentration depends 
on the effective electrolysis time. The operating time and NOM concentration were other two 
parameters that should be considered with respect to NOM removal during EC process. 
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Abstract 


Uranium is a (radio)toxic metal that is relative abundant and widespread in nature. Generally, the 
levels of uranium found in man's environment are relatively low, but natural processes and 
particularly anthropogenic activities may result in re-distribution of this element, which can cause 
serious contamination of waters with uranium. Consequently, it is of great importance to monitor 
uranium in waters and especially those used for drinking purposes to secure the biosphere and 
human health from adverse effects. The aim of this work was to determine uranium levels in 
drinking waters in Cyprus. Sampling included tap waters from different areas as well as local and 
imported bottled waters and the analysis has been performed by alpha-spectrometry after selective 
separation of uranium by cation-exchange. According to the results uranium concentration in the 
studied waters was found below the WHO guideline. Based on the experimental data the annual 
radiation exposure of Cypriot population resulting from water consumption has been assessed. 


Keywords: uranium; 238U; 234U; drinking water; bottled water 
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1. INTRODUCTION 


Uranium is a ubiquitous, primordial radionuclide, the concentration of which in the environment 
strongly depends on the geological matrix. The concentration of uranium in acidic igneous rocks is 
significantly higher (up to 4 mg kg”) than in basic igneous rocks (~0.6 mg kg”) or even ultrabasic 
igneous rocks (~0.03 mg kg’). High uranium concentrations have been found in phosphate bearing 
rocks (up to 120 mg kg”, [4] ) and deposits rich in natural organic matter (up to 250 mg kg’; [5]) 
and coal (up to 2000 mg kg"). However, anthropogenic activities such as mining, ore processing, 
agriculture, coal combustion, and nuclear fuel processing may lead to increased uranium levels in 
man's environment [6]. 

Uranium in waters results from the weathering of rocks and soil and uranium levels in 
groundwater systems vary considerably depending on the hosting geological formation and the 
presence of uranium ores [6]. The uranium concentration in groundwaters is governed by a number 
of processes, including dissolution and adsorption-desorption processes. Generally, higher uranium 
levels coincide with low pH and low adsorption capacity. In addition, in the presence of carbonate 
ions the mobility of uranium is enhanced due to the formation of very stable anionic U(VI)- 
carbonato complexes [13]. In addition, isotopic fractionation of the element is useful in identifying 
waters, tracing their hydrologic cycle and estimating mixing ratios and pollution budgets [10]. 

Uranium may enter bottled and tap water from naturally occurring deposits or as a result of 
human activities, such as mill tailings [6], emissions from the nuclear industry, the combustion of 
coal and other fuels, and the use of phosphate fertilizers that contain uranium. The Guideline for 
Drinking Water Quality of the World Health Organization gives a provisional value of 15 ug U L” 
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[14] and in Germany bottled waters with uranium concentrations above 2 ug are not recommended 
for the preparation of baby food [6]. There no EU Guidelines for Drinking Water regarding the 
upper limit for uranium in drinking water, however uranium levels in drinking water need to be 
monitored and controlled by governmental authorities [6]. 

Knowledge of the uranium concentration in ground and surface waters is important in 
performing radiological impact assessment of various anthropogenic activities and aims to secure 
the increased standard of life in modern societies [8]. In Cyprus, a number of studies has been 
carried out in order to study uranium levels in seawater [1] and ground waters [3, 2]. However, 
there are no studies regarding uranium concentration in drinking tap and bottled waters. 

In the present study uranium concentrations and the SUP isotopic ratios have been 
determined in drinking tap and bottled waters in Cyprus. The analysis was performed by a- 
spectroscopy and the uranium concentration has been correlated to pH and other chemical 
parameters of the aqueous solutions. This study represents a comprehensive investigation on 
uranium levels in Cypriot drinking waters and aims to provide concentration values for uranium, a 
database for radiological impact assessment and point out the differences between different types of 
waters used for drinking purposes. 


2. MATERIALS AND METHODS 


A total of 26 samples of bottled water sold in Cyprus and 14 tap water samples from different tap 
water supplies on the island were collected and analyzed during September 2015 and May 2016. 
Prior any treatment the water samples to be analyzed were traced with 50 mBq ^"U tracer (NPL 
Laboratories). 

The bottled samples had a label with all relevant information (pH, conductivity and main 
components). In addition, pH and EC (electrical conductivity) measurements were performed in our 
laboratory using a combined glass- and conductivity electrode, respectively and the uranium 
analysis was performed by a-spectroscopy. Uranium analysis in tap water samples was performed 
similarly, and included pH, conductivity and uranium analysis by a-spectroscopy. 


a-spectroscopy 

The a-spectroscopic analysis of uranium in selected groundwater samples was performed after 
pre-concentration and separation of uranium by cation exchange (Chelex 100 resin) and it’s 
subsequent electrodeposition on stainless steel discs. The employment of high resolution a- 
spectroscopy allows an accurate determination of the activity of the ^5U ang ?**U radioisotopes. In 
all cases, 1000 ml water samples were pre-treated by cation-exchange as described elsewhere [11, 
2]. This pre-analytical procedure, which is selective for uranium [12], was carried out in parallel for 
every sample. 

Alpha-spectroscopic analysis was performed using a high-resolution a-spectrometer (Alpha 
Analyst Integrated Alpha Spectrometer, Canberra) equipped with semiconductor detectors. Prior to 
sample measurement, the background was carefully measured under identical conditions and was 
found to be about 5 counts per day within the energy range of 3-8 MeV. Method calibration using 
cation exchange separation results in efficiency of 8596. The electrodeposition of uranium on 
stainless steel discs produced results with in excellent yields, generally over 99% [11]. The 
Minimum Detectable Activity (MDA) reached in the measurements was estimated to be about 1 
mBq 1" at the 95% confidence limit. The uncertainty of the uranium activity concentration and the 
234/580 ratio is around 10%. 
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3. RESULTS AND DISCUSSION 


3.1. Uranium concentrations in drinking waters 
The uranium concentration data have been analyzed using a statistical software (JMP) and the 
results are graphically presented in the form of a box-plot in Figure 1. The data shown in Figure 1 
correspond to tap water (TW) and bottled water samples (BW). The bottled water samples have 
been further separated into two groups, the local (BW L) and the imported bottled waters (BW I). 
In all three cases the uranium concentration data (Figure 1) are log-normal distributed and the 
highest uranium levels are observed in the imported bottled waters. Specifically, the uranium 
concentration in imported bottled waters varies between 0.0005 and 8.0 ug U/L (median: 0.63 
ug/L). Because uranium concentration in bottled water is determined by the geological origin and 
anthropogenic uranium emissions, and the bottled waters in Cyprus are mainly imported from EU 
countries (e.g. Greece), the uranium concentration values determined lie within the range obtained 
for European bottled waters (« 0.0005 pg/L « [U] < 16.0 ug/L) [16]. Nevertheless, even the highest 
values are below the current US EPA (2003) drinking water limit (30 ug/L) and the WHO guideline 
value of 15 ug U/L [14]. 
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Figure 1. Uranium distribution in Cypriot to tap water (TW) and bottled local (BW L) 
and imported (BW I) water samples. 


The uranium concentration in local bottled waters varies between 0.03 and 1.2 ug U/L (median: 
0.26 ug/L) and are generally lower than the corresponding values determined in imported bottled 
waters. This is attributed to the origin of the local waters, which are ground waters hosted by 
igneous rocks of relatively low uranium content [2]. 

Regarding the uranium concentration in tap waters, the corresponding values vary between 0.02 
and 1.8 ug U/L (median: 0.27 pg/L) and are generally lower than the corresponding values 
determined in European tap waters. This is because ground waters used as sources for drinking 
water have generally low uranium content and because domestic water use in Cyprus cities, to a 
large extent, comes from desalinated water. 

From the radiological point of view none of the drinking water samples exceeds the suggested 
limits by WHO and EU [14, 17, 9] for alpha radioactivity in drinking water, which is 0.5 Bq I''. 
Regarding the chemotoxic effects, the guidance level for uranium in drinking water is 15 ug I! 
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natural uranium which corresponds to 0.19 Bq 1! ***U radioactivity concentration. However, taking 
into account the limiting value for water for baby food (2 ug U/L , [18]) the uranium 
concentrations of some imported bottled waters are clearly above the recommended value. 


U (tracer) 


Energy MeV 


Figure 2. a-spectrum of a drinking water sample 


The impact of man-made radioactivity is expected to be insignificant and contamination of the 
groundwater systems by anthropogenic sources can be excluded because of the absence of any 
activities that could lead to radioactive/uranium contamination of the drinking water sources. In 
addition, a-spectra of representative samples shown in Figure 2 indicate that the o-radioactivity in 
the studied samples is related basically to natural uranium, with the characteristic two main a-peaks 
of the ?*U and ^U radioisotopes with energies of 4.198 and 4.776 MeV, respectively. 


3.2 Correlation of the Uranium concentration with Physico-chemical Parameters 

Figure 3 presents graphically a correlation between the uranium concentration ([U]) and the correspond- 
ing pH values in the studied waters, in the pH range between 7 and 8. The dotted line is obtained by 
linear regression of the experimental data and indicates statistically significant linear correlation (R= 
0.6) and that uranium concentration in the studied waters decreases with increasing pH. 
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Figure 3. Correlation between uranium concentration in drinking water samples and solution pH. 
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This seems to be in contradiction with results obtained from uranium solubility experiments, 
which show an increase in uranium solubility for pH > 6, because of the formation of very stable 
carbonate complexes (e.g. UO;(CO3), 8 ?^) [13, 20]. However, the uranium concentration in the 
respective waters is far below the solubility limit and depends only on the uranium amount 
dissolved from the corresponding geological matrix. Generally, decreasing pH results in the 
dissolution of soil minerals [7] and because uranium is adsorbed or forms solid solution with the 
soil mineral particles enters the aqueous phase upon mineral dissolution. Hence, decreasing pH 
results in increasing uranium concentration in solution. 

In order to investigate the effect of bicarbonate concentration on the uranium levels in drinking 
waters the corresponding concentrations have been correlated with one another and the data are 
graphically summarized in Figure 4. There a relatively good correlation (R= 0.6) indicating the 
effect of the carbonate species on the uranium stabilization in solution, which is attributed to the 
formation of stable U(VI)-carbonato species [13, 20]. The formation of such cationic species 
competes surface adsorption reactions occurring in natural aquatic systems and results in increased 
uranium levels in the corresponding waters. 
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Figure 4. Correlation between uranium and bicarbonate concentration in drinking water samples. 


3.3 Alpha-radiation dose rate calculation 

Because uranium is the predominant alpha-radionuclide in the waters studied [19], we have used the 
highest uranium concentration to estimate the corresponding annual dose. The calculation was 
performed assuming a mean daily intake of 2 L of water and using the following equation 


D=AxIx DCF (1) 


where D is the annual dose in mSv, A is the uranium radioactivity concentration in Bg/l, I is the 
mean annual water consumption (730 L) and DCF is the corresponding dose coefficient for ingested 
uranium (4.5 x 10-5 mSv Bq-1 ; IAEA, 1996). 

The maximum annual dose calculated is below 0.002 mSv. This result, which corresponds to 
the highest uranium concentration in the drinking water samples, is below the guidance level 
recommended by the World Health Organization (WHO), which is equivalent to a committed 
effective dose of 0.1 mSv/y. According to WHO no deleterious radiological health effects are 
expected from consumption of drinking water if the concentrations of radionuclides 
correspond to committed effective doses below this value [14]. 
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4. CONCLUSIONS 


Uranium levels in Cypriot drinking waters range between 0.0005 and 8.0 ug U/L and are below the 
limits suggested by WHO or US EPA. Generally, the highest uranium levels correspond to imported 
waters and this depends on the rock formations hosting the ground waters used as water source. 
Negative correlation between uranium concentration and pH in the waters under investigation 
indicates that uranium adsorbed or forming solid solution with the geological matrix enters the 
aqueous phase upon matrix dissolution with decreasing pH. On the other hand, increasing 
bicarbonate concentration is associated with increased uranium levels, which could be attributed to 
stabilizing effect of carbonate due to the formation of very stable U(VI)-carbonato species. 


References 


[1] Antoniou, S., Costa, C., Pashalidis, I., (2006), Alpha-radiometry of seawater by liquid scintillation counting. 270, 
593-596. 

[2] Charalambous C, Aletrari M, Piera P, Nicolaidou-Kanari P, Efstathiou M, Pashalidis I. (2013) Uranium levels in 
Cypriot groundwater samples determined by ICP-MS and a-spectroscopy. J Environ Radioact. 116, 187-192. 

[3] Efstathiou , M., Kiliari T., Pashalidis , I. (2011) Uranium analysis in Cypriot groundwaters by total alpha- 
radiometry and alpha-spectroscopy. Radiat. Measur. 46, 626—630. 

[4] Kratz, S., Schnug, E., 2006. Rock phosphates and P fertilizer as sources of U contamination in agricultural soils. 
In: Merkel, B., Hasche-Berger, A. (Eds.), Uranium in the Environment. Springer-Verlag, Berlin, pp. 57-67 

[5] Lee, M.H., Choi, G.S., Lee, C.W., Shin, H.S., 2001. Concentrations and activity ratios of uranium isotopes in the 
groundwater of the Okchun Belt in Korea. Journal of Environmental Radioactivity 57 (2), 105-116 

[6] Birke, M., Rauch, U., Lorenz, H., Kringel, R. Distribution of uranium in German bottled and tap water. Journal of 
Geochemical Exploration 107 (2010) 272-282 

[7] Bruno, J., Wersin, P., Stumm, W., (1992), On the influence of carbonate in mineral dissolution: II. The solubility 
of FeCO,,, at 25 °C and 1 atm total pressure. Geochim. et Cosmochim. Acta, 56, 1149-1155. 

[8] Chau, N.D., Michalec, B., (2009), Natural radioactivity in bottled natural spring, mineral and therapeutic waters in 
Poland. J. Radioanal. Nucl. Chem. 279, 121—129. 

[9] Desideri, D., Roselli, C., Feduzi, L., Meli, M.A., (2007), Radiological characterization of drinking water in Central 
Italy. J. Environ. Radioact. 87, 13 — 19. 

[10] Ivanovich, M., Harmon, R.S. (1992), Uranium-series disequilibrium: applications to earth, marine and 
environmental sciences. Clarendon Press, Oxford, p. 910. 

[11] Killiari, T., Pashalidis, I., (2010), Simplified alpha-spectroscopic analysis of uranium in natural waters after its 
separation by cation- exchange. Radiat. Measurem., 45, 966—968. 

[12] Killiari, T., Pashalidis, I., (2012), Selective separation of actinyl(V, VI) cations from aqueous solutions by Chelex- 
100. Radiochim. Acta, 100, 439-443. 

[13] Konstantinou, M., Pashalidis, I., (2004), Speciation and spectrophotometric determination of uranium in seawater. 
Medit. Mar. Sci., 5, 55-60. 

[14] World Health Organization, (2006), Guidelines for Drinking Water Quality, first addendum to third edition, 
Volume 1 Recommendations. 

[15] United States Environmental Protection Agency (US EPA), 2003. National Primary Drinking Water Standards. U. 
S. Environmental Protection Agency, Office of Water, Washington D. C., EPA 816-F-03-016. - Online: 
http://www.epa.gov/ safewater/consumer/pdf/mcl.pdf (November 2006). 

[16] EGS (EuroGeoSurveys) Geochemistry Expert Group, 2010. European Groundwater Geochemistry. Part 1: Bottled 
Water. Schweizerbartsche Verlagsbuchhandlung, Stuttgart, Germany. 

[17] EU Guidelines for Drinking Water, 1998. Council Directive 98/83/EC of 3 November 1998 on the quality of water 
intended for human consumption. Official Journal of the European Communities, L 330, 5.12.1998, 32. 

[18] MinTafWV, 2006. Vierte Verordnung zur Anderung der Mineral- und Tafelwasser-verordnung. Bundesgesetz- 
blatt, Bonn, Teil I 2006 (56), 2762-2763. 

[19] Tsiaili, A., Kiliari, T., Pashalidis, I., 2011. Seasonal variation of the alpha-radioactivity concentration in natural 
water systems in Cyprus. Radiat. Meas. 46, 145-148. 

[20] Pashalidis, I., Czerwinski, K.R., Fanghaenel, Th., Kim, J.I., (1997), A Study of Solid-Liguid Phase Equilibria of 
Pu(VI) and U(VI) in Aqueous Carbonate Systems. Radiochim. Acta, 76, 55-62. 


13^ International Conference on Protection and Restoration of the Environment 91 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


Inactivation of Escherichia coli in water by combined process 
of silver nanoparticle (AgNP) and UV radiation 


M. A. Zazouli!, M. Yousefi^ , Y. Kor’, M. Roohafzaee?, F. Ghanbari* 


! Department of Environmental Health Engineering, Faculty of Health and Health Sciences Research Center, 

Mazandaran University of Medical Sciences, Sari, Iran. 

? Department of Environmental Health Engineering, Student Research Committee, 
Mazandaran University of Medical Science, Sari, Iran. 

? Department of Water and Wastewater Engineering, Gomishan Health Center, 

Golestan University of Medical Science, Gorgan, Iran. 

^ Department of Environmental Health Engineering, Student Research Committee, 

Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran. 
*Corresponding author: Email: maryam u3fi7 @ yahoo.com 


Abstract 


The purpose of this research were to study of effectiveness of new technologies such as combined 
process of silver nanoparticle (AgNP) with UV radiation on E. coli inactivation as a water microbial 
pollution index and effects of some parameters on its efficiency. AgNP with average diameter of 
20nm was used in the presence or absence of UV light for disinfection. Results showed that the 
disinfection efficiency of the UV and silver nanoparticles (UV+AgNP) combined process) is more 
than that of the catalyst (AgNP). The efficiency decreased with increasing the colony densities. The 
removal efficiency increased with increasing the catalyst dose, and contact time. It is concluded that 
the removal efficiency of E.coli by silver nanoparticles increases under the UV light. 


Keywords: Escherichia coli; combined process; silver nanoparticles; UV radiation; water 
disinfection 


1. INTRODUCTION 


Disinfection is the most important stages in water treatment to ensure the water is free of pathogenic 
microbes that might cause waterborne diseases [1]. Waterborne health risks include cholera, 
typhoid, diarrhea, intestinal worms, trachoma, schistosomiasis and legionella disease [2]. So far, 
various chemical disinfection methods such as chlorination had been widely used [3]. The 
advantage of this method is inexpensive, lower operating cost in a wide range of pH and adequate 
residual effect [4-6]. Nevertheless, the main disadvantages of chlorination is production of toxic 
byproducts like trihalomethanes, haloacetic acids and other dissolved organic halogens as potential 
human carcinogens even at low concentration and also poor inactivation efficiency of spores, cysts 
and some viruses at low dosages used for bacterial coliform removal [7]. 

To date, over 500 DBPs have been identified in finished drinking water. The speciation and 
amounts of DBP produced are a function of the oxidizing agent used and reaction conditions [8]. 
Coleman et al. [9] have reported that a low concentration of common DBPs in water, such as 
haloacetic acid (60 ppb) and trihalomethanes (80 ppb), might cause serious congenital cardiac 
defects in human beings following prolonged consumption. For these reasons, various chemical- 
free water disinfection technologies without the formation of DBPs have become highly sought in 
recent years [10]. Chlorination incorporated with ozonation has greatly improved the disinfection 
efficiency for all pathogens of concern like bacteria, viruses and the cyst forming protozoan 
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parasites as well as enhancement of water quality by removing toxicity and mutagenicity. However, 
the contradictory microorganism regrowth potential and high cost of ozonation have restricted it 
from being widely employed [7]. 

Consequently, for select a suitable water disinfectant need to consider the water quality 
objectives in terms of technical reliability, economic and environmental criteria. Advances in 
nanoscale science and engineering suggest that many of the current problems involving water 
quality could be resolved or greatly improved using products and processes resulting from the 
development of nanotechnology [11]. In recent years, nanoparticles have been the focus of 
considerable attention in a wide range of research areas, including especially environmental issues 
[12]. 

Nanosilver are the most widely commercialized nanoparticles that are used as antimicrobials 
[13]. Li et al. indicate three possible antibacterial mechanisms of silver nanoparticles: (1) Adhesion 
of nanoparticles to the bacteria surface, altering the membrane properties. The small size and 
extremely large surface area of nanoparticles enables them to make strong contact with the 
microorganism surface; (2) Silver nanoparticles penetrating inside the bacterial cell, resulting in 
DNA damage; (3) Dissolution of silver nanoparticles releases antimicrobial Ag* ions which can 
interact with sulphur-containing proteins in the bacterial cell wall, which may lead to compromised 
functionality. This phenomenon is often considered as the main mechanism of the antimicrobial 
activity of silver nanoparticle [14]. 

Although the antibacterial mechanisms of nanoparticles somewhat known [15-19], but there is 
still questions about their effectiveness in destroying pathogens and the possibility of their use for 
water disinfection. Therefore, the purposes of this research were to study of effectiveness of a new 
technology such as combined process of silver nanoparticles and UV on E.Coli inactivation as a 
water microbial pollution index and effects of some parameters on its efficiency. 


2. MATERIALS AND METHODS 


2.1. Materials 

The catalyst employed in this work was silver nanoparticles (20 nm primary particle size, supplied 
by USNano Inc). E. coli cells ATCC 25922 (PTCC 1399) were supplied by Persian type culture 
collection. Tryptic Soy Agar (TSA) and Tryptic Soy Broth (TSB) were supplied by MERC 
Germany. 


2.2. Cell Culture, Medium Preparation and Bacterial Counting 

E.coli was cultured according to the center guidelines. Briefly, a single colony of E. coli was taken 
from refrigerated stock and precultured in 20 mL Tryptic Soy Broth (TSB) medium by incubation 
for 24 h at 37 C. Then it was transferred into TSA and incubated for 24 h at 37 C. The top of each 
colony was touched with a sterile loop and the growth was transferred into a tube containing 4 to 5 
ml of distilled water. The cell concentrations were determined by comparing the cell density to 0.5 
McFarland standards using UV/vis spectrophotometer towards an equivalent optical density of 0.1 
at 620nm with regard to the calibrated standard cell suspensions in distilled water. To standardize 
the inoculums density for a susceptibility test, BaSO, turbidity standard, equivalent to a 0.5 


McFarland standards was used. A 0.5 McFarland standard was prepared as described by Garcia 
[20]. To obtain required cell suspensions, the stock was serially diluted in distilled water. This 
results in a suspension containing approximately 10°, 10^ and 10? CFU/ml. Bacterial concentrations 
of these dilutions were confirmed by the standard plating method in triplicates on Tryptic soy agar. 
Samples were plated in triplicate. Following overnight incubation at 37 °C colonies were visually 
identified and counted. 
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2.3. Experimental Procedure 

Disinfection experiments were carried out in deionized/distilled water. All glassware used in these 
experiments was washed with distilled water, and then autoclaved at 121 °C for 15 min. AgNPs was 
suspended in water with 30 min of pre-sonication to disperse the particles uniformly. The 
characteristics of silver nanoparticles were determined by SEM, TEM and XRD analysis. A 6 W 
UV-C lamp, 30 cm in length with maximum emission at 254 nm, was installed 5 cm above the 
samples surface and the light intensity was 1.8 w/m? measured by a radiometer at 200 to 400 nm 
(Hagner ECL-X). All analyze were made according to the standard methods [21]. 

In these experiments, the photochemical cell consisted of sterile 250 ml beakers and magnetic 
stirrers that used for stirring the samples. The temperature of reactors was controlled at 20 °C. In the 
first phase of run, the beakers were filled with 200 ml of polluted water and in separate stages were 
contacted with UV, nanosilver and combination of them. In the examinations various parameters 
such as E.coli concentration (10°,10*,10° CFU/mL), amount of AgNP (0.05, 0.1, 0.2 and 0.4 mg/L) 
and time (10, 20, 40 and 60 min) were studied. 


2.4. Statistical Tests: 

Kolmogorov-Smirnov test was used to assess the normality of the data. If the is greater than 0.05, it 
indicates that the data are normal. Then, T-Test and ANOVA parametric tests used for statistical 
analysis. 


3. RESULTS AND DISCUSSION 


3.1. Nanoparticles characteristics 

Silver nanoparticles were characterized by SEM (Figure 1), TEM (Figure 2) microscope and XRD 
analysis (Figure 3). Silver nanoparticles had a purity of 99.99%, particle size of 20 nm, the surface 
area of 18-22 m’/gr and density of 10.5 gr/cm? and black color. 


Figure 1. Scanning electron microscopic (SEM) Figure 2. Transmission electron 
images of the AgNPs microscopic (TEM) images of the AgNPs 
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Figure 3. X-ray diffraction (XRD) of the AgNPs 


3.2. Kolmogorov-Smirnov Test 

Kolmogorov-Smirnov test was used to assess the normality of the data. The results of test showed 
that the data was normal(Pygiye > 0.05). Therefore parametric tests (T-Test and ANOVA) were 
used. Results of the normality test are given in Table. 1. As can be seen, P-value is greater than 
0.05. It indicates that data was normal. So ANOVA test was used. 


Table 1. Kolmogorov-Smirnov test for assess the normality of photocatalytic process 


(UV+ AgNP) data 
Effect of | Effect of E.Coli | Effect of AgNP 
UV& AgNP | with AgNP+UV | concentration 
N 12 12 20 
Normal Parameters? Mean 73.4292 99.1067 74.6060 
Std. Deviation | 20.27422 1.53047 20.15108 
Most Extreme Differences Absolute 0.158 0.387 0.192 
Positive 0.101 0.280 0.112 
Negative -0.158 -0.387 -0.192 
Kolmogorov-Smirnov Z 0.547 1.340 0.861 


Asymp. Sig. (2-tailed) 0.926 


a. Test distribution is Normal. 
b. Calculated from data. 


0.055 


0.449 
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3.3. Effect of UV irradiation on the efficiency of AgNPs 

Three series of process were carried out to perform this experiment. In all of three experiments a 
fixed number of colonies per milliliter (10°) was used. In the first experiment, the bacteria have 
been exposed to UV without AgNPs. In the second experiment, the samples have been exposed to 
the AgNPs without UV. In the third experiment, samples have been exposed to the UV and AgNPs 
together. A silver nanoparticles concentration of 0.1 mg/L was used. The efficiency of disinfection 
in all experiments was determined in 10, 20, 40 and 60 minutes. The pH was adjusted at the natural 
range (7.5+0.5) in all experiments. The efficiencies of bacterial inactivation in different times are 
illustrated in Figure 4. 

As shown in this Figure, efficiency of UV is lower than AgNPs. Also the combined process 
(UV+ AgNP) is more effective than only UV and only AgNP. The result of this study corresponds 
with the data given by Noroozi et al [22] and Zazouli et al [23] that although they used ZnO and 
TiO» nanoparticles, respectively. 
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Figure. 4. The effect of AgNPs and UV on E.coli inactivation efficiency (Initial bacterial 
population: 10? CFU/mL) 


To ensure that the bacteria population without the presence of light and nanoparticle is changing 
over time or not, blank sample like real sample was investigated that any changes not observed in 
the number of bacteria. Due to the lack of inactivation of bacteria, blank sample was not presented 
in the chart. As shown in Figure 4, inactivation of E.coli with AgNPs increased in the presence of 
UV light. Finding indicated that maximum efficiencies in 60 minutes of UV, AgNP and UV+nAg 
were 66%, 89% and 99%, respectively. AgNP is excited in presence of UV, and an electron from 
the valence band migrates to the conduction band, leaving a hole in the valence band and AgNP acts 
as an oxidizing agent. Electron pair production is important for oxidation process. In this process, 
water molecules divided to OH ^^ and H* radicals with a hole. Thus dissolved oxygen molecules 
with H* that generated at the beginning of the reaction form a hydrogen peroxide radical (OH?- ). 
This radical react with bacteria. Moreover, the nano scale particles have an extremely large relative 
surface area, thus increasing their contact with bacteria and vastly improving oxidation efficiency 
[12, 24]. 

In this study, increasing the contact time from 10 to 60 min, the inactivation of bacteria 
increases. So that in the presence of UV light and AgNPs, inactivation efficiency increases from 
77% in 10 min to 99.31% in 60 min. Although inactivation efficiency increased with increasing the 
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time, this trend is not too high after 20 min. Miranzadeh et al [18] investigated the effect of silver 
nanoparticles on the coliforms removal and water disinfection and showed that while increasing the 
tme in all concentrations, the removal of probable coliforms ascends. Their results are in 
accordance with the findings of this study. 

Miranzadeh et al [18] showed that after 100 min contact time in the 0.06 mg/L Silver 
concentration, the maximum removal efficiency was observed (92.4196). Also ANOVA test showed 
that there was a meaningful relationship between time and E.coli removal. Noroozi et al [22] 
studied the photocatalytic removal of Escherichia Coli by ZnO. They reported that the efficiency of 
UV, ZnO and UV/ZnO process in inactivation of 1000 CFU/mL of E.coli was 70%, 90% and 100%, 
respectively. Whereas in this study, the maximum efficiency of UV process in inactivation of E.coli 
is 6696. The reason for this difference is the number of bacteria. The number of bacteria in this 
study is 10? per milliliter, but in Noroozi et al [22] study was 10? per milliliter. 

The comparison of the effect of UV process, AgNPs and UV and silver nanoparticles combined 
process (UV+ AgNP) showed that the removal efficiency of UV process is lower than AgNPs and 
both of them individually is lower than combined process. The study of the interaction effect of 
three processes with LSD test (95% Confidence intervals) showed that effect of UV as compared 
with AgNPs and UV+ AgNP is significant (Ppatue < 0.05), but the comparison of AgNPs process 
with UV+ AgNP process is not significant (Pjgj,í > 0.05). However disinfection efficiency of 
combined process (UV+ AgNP) is more than only catalyst (AgNPs). This efficiency difference is 
about 9-10% in all times. 


3.4. Effect of bacterial population 

The UV and silver nanoparticles combined process (UV+ AgNP) was performed with different 
bacteria concentrations (10°, 10* and 10° CFU/mL) to study the effect of bacterial population on 
inactivation efficiency. The pH was adjusted at the natural range (7.5+0.5) in all experiments. The 
contact time was 10, 20, 40 and 60 minutes. Figure 5 shows the effect of initial bacterial population 
on the inactivation efficiency of E.coli under optimum conditions. The silver nanoparticles dosage 
was 0.2 mg/L in these experiments. As shown in Figure 5, inactivation efficiency is 100% when 
bacterial populations are lower than 10? CFU/mL. 

The results indicated that the inactivation efficiency decreased with increasing the number of 
colonies. But statistical test using LSD test showed that their effect is not significant in two 
consecutive concentrations (Pyatue > 0.05). However disinfection efficiency with 10° CFU/mL 
E.coli was lower than when the number of colonies was 10' CFU/mL and 10? CFU/mL. 
Disinfection efficiency was 100% when bacterial population was 10* CFU/mL and 10° CFU/mL. 
The effect of bacterial population is significant only between 10° CFU/mL and 10? CFU/mL 
(Poatue < 0.05). Due to an increase in bacterial density decreases the contact with light and AgNPs. 
So researchers preferred that continue the experiments with the high number of colonies in order 
that methods could be comparable. 

However the antimicrobial properties of silver compounds and silver ions have been 
historically recognized and applied in a wide range of applications from disinfecting medical 
devices and home appliances to water treatment. But the mechanism of toxicity is still only partially 
understood. Silver ions interact with thiol groups in proteins, resulting in inactivation of respiratory 
enzymes and leading to the production of reactive oxygen species (ROS). It was also shown that Ag 
ions prevent DNA replication and affect the structure and permeability of the cell membrane. Silver 
ions are also photoactive in the presence of UV irradiation, leading to enhanced UV inactivation of 
bacteria and viruses. It is hypothesized that complexation of Ag with cysteine accelerates 
photodimerization of viral DNA contributing to a synergistic effect observed in inactivation of 
Haemophilus influenzae phage and MS2 phage [25]. 
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Figure 5. Effect of initial bacterial population on the combined process (UV+ AgNP) inactivation 
efficiency of E.coli (AgNPs dosage: 0.2 mg/L) 


To date, several mechanisms have been postulated for the antimicrobial property of silver 
nanoparticles: (1) adhesion of nanoparticles to the surface altering the membrane properties. silver 
nanoparticles have been reported to degrade lipopolysaccharide molecules, accumulate inside the 
membrane by forming "pits", and cause large increases in membrane permeability; (2) silver 
nanoparticle penetrating inside bacterial cell, resulting in DNA damage; (3) dissolution of AgNPs 
releases antimicrobial Ag ions. Physicochemical properties play an important role in the 
antimicrobial activity of AgNPs. In general, particles of less than 10 nm are more toxic to bacteria 
such as Escherichia coli and Pseudomonas aeruginosa [25]. 


3.5. Effect of nanosilver dosage 

Experiments were carried out with various silver nanoparticles dosage (0.05, 0.1, 0.2 and 0.4 mg/L) 
in order to investigate the effect of AgNPs dosage on the inactivation efficiency of the UV and 
silver nanoparticles (UV+AgNP) combined process. The number of colonies was 10^ CFU/mL in 
these experiments. The results of this experiments presented in Table 2. As can be seen in this table, 
the inactivation efficiency of processes was 100%, when the AgNPs dosage was more than 0.05 
mg/L. even after 40 min the inactivation efficiency of bacterial was 100% with 0.05 mg/L AgNPs 
dosage. So the other experiments performed with more number of colonies. 

The comparison of the effect of different dosages of silver nanoparticles on disinfection 
efficiency was shown in Figure 6. the minimum, average and maximum efficiency of the combined 
processes with different dosage of AgNPs was presented in Table. 3. As can be seen in this table, 
the minimum and maximum of efficiency with 0.05 mg/L of AgNPs dosage are 42% and 82%, 
respectively. But its comparison with UV process without catalyst is not significant (Pygine > 
0.05). While increasing the contact time and AgNPs dosage, minimum, average and maximum of 
efficiency ascends. Efficiency was 10096, when the AgNPs dosage and time was 0.4 mg/L and 20 
min, respectively. 

Statistical analysis showed that the efficiency of combined process with 0.05 mg/L of catalyst 
is not significant, as compared with only UV process (Pyajye > 0.05), but is significant, when more 
catalyst dosage was used (Pyajye < 0.05). Due to an increase in silver nanoparticles increases 
hydroxyl radical production since photo-excitation is also enhanced. As well as the contact with 
bacteria increases, so the efficiency increases. The differences between efficiency of combined 
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process with 0.1 and 0.2 mg/L of catalyst is not significant. However with increasing AgNPs 
dosage, the inactivation rate of bacteria increases. With increasing the AgNPs dosage, the 
probability of attachment of nanoparticles to the surface of bacteria, changing its membrane 
properties, its penetration into the cell and DNA damage and inactivation will be increase. 

Rabbani et al [19] investigated the disinfection of synthetic polluted water with 30 to 180 mg/L of 
nanosilver without UV. They showed that disinfection of water with 30 to 180 mg/L of nanosilver 
without UV irradiation, the further coliforms removed when the concentration of AgNPs was 
raised, which corresponds with our study. But they reported that there was not a significant 
correlation between the AgNPs dosage and coliform removal (Pyalue=0.6). However, statistical 
analysis showed that this relation was significant in the present study. 

The effect of nanoparticles on bacteria removal was studied by Gao et al [26]. They reported 
that regardless of the time, LCso of nanosilver against the Escherichia coli and Ceriodaphnia dubia 
was lower than 112.14 and 6.18, respectively. However in this study, 0.1 mg/L of nanosilver with 
10 min contact time cause to inactivation of 52% of Escherichia coli. 


Table 2. The effect of nanosilver dosage on the efficiency of the UV and silver nanoparticle 


(UV+AgNP) process. 
Number Initial Bacteria AgNPs dosage Time (min) 
of Test Population (mg/L) 10 20 40 60 
(x10? CFU/ml) 
1 18 0.05 50% 83.33% | 94.4% | 100% 
2 18 0.1 89.9% 100% 100% | 100% 
3 18 0.2 96.67% 100% 100% | 100% 
4 18 0.4 100% 100% 100% | 100% 
100 EY 
x eS 
80 
39/0 
T 0.05AgNP(mg 
0 /\) 
£ —t=— 0.1AgNP(mg/ 
a50 l) 
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Figure 6. Effect of AgNPs dosage on the E.oli inactivation efficiency by the UV and silver 
nanoparticle (UV--AgNP) process (Initial bacterial population: 10? CFU/mL) 
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Table 3. The effect of AgNPs dosage on the E.coli inactivation efficiency by the UV and silver 
nanoparticle (UV+AgNP) process. (Initial bacterial population: 10° CFU/mL) 


Number | AgNP Contact Time (min) 


of Test | dosage 10 20 40 60 


(mg/L) | Min | AvezSD | Max | Min | AvetSD | Max | Min | AvetSD | Max | Min | AvetSD | Max 


0.05 42.4 | 43.240.9 | 44.2 | 52.4 | 54.241.8 56 | 552 | 57.5224 60 | 648 | 76.8+11 86.2 


0.1 52 68.2414 77.2 | 66 77.9411 | 87.6 | 68 85.3415 94.4 | 70.4 | 89.5416.5 | 993 


0.2 60.8 | 84.7221 97.9 | 68 87.8811 | 98.6 | 70.8 | 89.6x16.3 | 99.3 | 80 | 93.3411.5 | 100 


Al wl mle 


0.4 76.8 | 90.7412.1 | 98.6 | 82.8 | 94.149.7 | 100 | 95.6 | 98.5+2.5 100 | 97.2 | 99.1+1.6 100 


3.6. Effect of Time 

The effect of contact time (10, 20, 40 and 60 min) on UV+AgNP process efficiency was shown in 
Figure 7. As can be seen, inactivation efficiency increased by increasing the contact time. The 
simulation effect of AgNPs and contact time on disinfection efficiency was presented in Table 9. 
Rabbani et al [19] showed that while the contact time increasing; the inactivation efficiency 
increase in all concentration of AgNPs. Statistical analysis showed that the efficiency of combined 
process with 0.05 mg/L of silver nanoparticles is a significant (Pyalye < 0.05) in different time, as 
compared with UV process. Only between 20 and 40 min is not a significant (Pyaiye > 0.05). Also 
it's not significant at more concentration of AgNPs (Pyaiue > 0.05). Due to the maximum activity of 
nanoparticles occurred at 0.05 mg/L concentration and 60 min contact time, but as regard statistical 
tests, it is not a significant in more dosages. However it has a rising trend. While the contact time 
increases, the contact of nanoparticles and bacteria, its penetration into cells, the rate of silver ions 
production and then the rate of bacterial inactivation increase [14]. 
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Figure 7. Effect of contact time on the E.coli inactivation efficiency by the UV and silver 
nanoparticle (UV+AgNP) process (Initial bacterial population: 10° CFU/mL) 


4. CONCLUSIONS 
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The main purpose of this study was to evaluate the efficiency of the UV and silver nanoparticle 

(UV+AgNP) process in water disinfection. The final results of this study are summarized as below: 

(1) The efficiency of the UV+AgNP process is more than of only AgNPs catalyst. In fact UV 
irradiation has a synergistic effect on efficiency of AgNPs. The difference of efficiencies is 
about 9-10% at various times. 

(2) The minimum, average and maximum of inactivation efficiency increased by the increasing of 
AgNPs dosage and contact time. As the minimum, mean and maximum efficiency at dosage of 
0.4 mg/L of AgNP and contact time of 20 min are 82.8, 94.1+9.7 and 100%, respectively. 

(3) The statistical test showed that the efficiency of the UV+AgNP process at 0.05 mg/L dosage of 
AgNPs compared with UV only is not significantly different (Pyalue > 0.05). But it is 
significant (Pyalue < 0.05), when more AgNPs dosage was used. Because the increasing of 
dosage cause to increase the rate of photo-excitation and radical production. Furthermore its 
contact with bacteria and also efficiency increase. 

(4) While bacterial population increases, the photocatalytic process efficiency will be decrease. 
When the bacterial population increases, the contact with light and catalyst and also 
photocatalytic products decreases. 

Finally, we suggest that the disinfection efficiency of nanosilver in form of composite or coated 
on specific materials and zeolites; the Comparison between combined process with silver 
nanoparticles and silver ions; disinfection process with nanocatalyst compared with non-nano 
catalyst should be studied. Also there is a need to similar study for inactivation of microorganisms 
such as HPC bacteria, total coliforms, and fecal coliforms and fecal streptococci. 
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Abstract 


Phosphorus availability is regarded as the most important factor for determining the water quality of 
lakes. When phosphorus enters surface waters in substantial amounts it becomes a pollutant, 
contributing to the excessive growth of algae and other aquatic vegetation and, thus, to the 
accelerated eutrophication of lakes and reservoirs. It may be transferred from the water column and 
adsorbed into sediments and accumulated in the bottom of rivers, lakes, or reservoirs. Phosphorus is 
relatively enriched in finer soil fractions, so it is perhaps expected that phosphorus adsorption is 
correlated with the clay content of soils and with the soil surface area. 

The objectives of this study is to assess the ability of two sediment fractions, dredged from the 
Klusov farm pond (Slovakia), to retain phosphorus from overlying surface waters. The relationship 
between sediment properties and sorption parameters are also studied. 

The results shown, that the finer sediment particles adsorbed phosphorus to a greater extent 
than do coarse particles. Fine-grained sediment with a higher specific surface area (8.85 m’/g) 
adsorbed about 320 mg P/kg, in contrast to the coarse-grained sediment with a lower specific 
surface area (1.74 m?/g), which adsorbed 160 mg P/kg. The results confirm, that the size distri- 
bution and specific surface area play an important role in the sorption properties of bottom 
sediments. 


Keywords: phosphorus transport; sediment-water interface; reservoir 


1. Introduction 


Bottom sediments in reservoirs, lakes and rivers have been gaining increased attention worldwide 
due to their capacity to reserve or release different materials from the water column. Sediment can 
act both as sinks and sources for phosphorus, depending on environmental conditions, sediment 
properties as well as on antecedent nutrient loading and sorption capacity of the sediments [1]. 
Excessive phosphorus loads in surface water bodies lead to accelerated eutrophication of lakes and 
reservoirs. Phosphorus is strongly bound to sediments by anion adsorption reactions. These 
reactions probably account for the rapid removal of phosphorus from water that is in contact with 
lake sediments. Much of this adsorbed phosphorus is not easily desorbed, and the amount that is 
desorbable decreases with the age of the sediment-adsorbed phosphorus complex [2]. 
Understanding the processes leading to sorption and release of P by the sediments is of importance 
in controlling the trophic status of river or lake. Sediment properties such as particle size, surface 
area and geochemical composition are determining factors for the behaviour of sediments as a 
source or sink of phosphorus [3]. Different particle size and their cohesiveness has important 
chemical and physical implications for sediment quality [4]. Most of the phosphorus load to surface 
waters is particularly on fine-textured sediments, so it is perhaps expected that phosphorus 
adsorption is correlated with the clay content of sediments and with the sediment surface area [5-7]. 
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The aim of this study is to assess the ability of fine and coarse-grained sediments, dredged from 
the Klusov farm pond (Slovakia), to retain phosphorus from overlying surface waters. 


2. MATERIALS AND METHODS 


For this study, two sediment fractions - fine-grained S6 (< 63 um) and coarse-grained S9 (> 63 um) 
- taken from the Klusov farm pond (Slovakia) were used. The first one was sampled in the area of 
the dam because of the maximum deposition of clay and silt particles, mainly responsible for the 
transport of adsorbed phosphorus. The second one was sampled at the inflow to the reservoir due to 
the coarser sediments settling. 


2.1 Sediment properties 
For sediment characterization, granularity and specific surface area as basic physical parameters 
were defined. 

Particle size distribution of sediment samples were conducted through a combination of dry 
sieve method and laser diffraction method (clay: «0.004 mm), silt: 0.004—0.063 mm, sand: 0.063- 
2.0 mm, gravel: >2.0 mm). Coarse-grained sediment sample was analysed by passing the dry 
composite sediment sample through a standard series of sieves with mesh sizes from 4 mm to 0.125 
mm. Undersize particles were analysed by laser diffractometry using a Mastersizer 2000 (Malvern 
Instruments, UK) with a Hydro 2000S wet dispersion unit, capable of analysing particles between 
0.02 and 2,000 um. Fine-grained sediment sample was analysed using the same equipment. 
Measurement parameters were: pump speed - 2,800 rpm; ultrasonic - turned on for 5 min after 
sample addition. 

Specific surface area (SSA) was estimated by low temperature gas adsorption using nitrogen 
gas (Quantachrome NOVA 1000e, USA) and subsequent application of Brunauer — Emmett — Teller 
isotherm. 

The chemical composition of the sediments was determined by X-ray fluorescence method 
using SPECTRO 1Q II (Ametek, Germany) with SDD silicon drift detector with resolution of 145 
eV at 10,000 pulses. 


2.2 Phosphorus sorption 
After determining the basic physico-chemical sediment characteristics, the sorption process was 
observed. 

Two grams of air-dried sediment samples were placed in 50 ml of 0.01M CaCl, containing 0, 5, 
10, 30, 50, 75, 100 mg/L, as KH2PO,. The mixtures were agitated for 24 hours at a constant 
temperature until adsorption equilibrium was reached. Then supernatants were filtered through a 
0.45-um filter membrane. Phosphorus equilibrium concentration (Ce) of the supernatant was 
measured by the molybdovanadate method with acid persulfate digestion using a DR 890 portable 
colorimeter (Hach Lange) after an equilibrium time. The amount of P adsorbed by the sediment at 
equilibrium was calculated as the difference between the amount of P initially present in solution 
and the amount remaining at the end of the experiment (indirect method) using the formula (1): 


_ (C97 Ce)XV 
m 


de (1) 
where qe is the phosphorus content adsorbed or desorbed by sediment at equilibrium (mg P/kg), Co 
is the initial P concentration in solution (mg/L), Ce is concentration of P in filtered solution after 24 
hours of equilibration (mg P/L), m is the adsorbent/sediment mass (kg), and V is the volume of 
KH»?PO, solution (L). 
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The percent sorption of P from aqueous solution at different initial concentrations for both 
sorbents (S6 and S9 sample) was calculated as follows (2): 


% Sorption = E= « 100 (2) 


0 


3. RESULTS AND DISCUSSION 


3.1 Physico-chemical sediment properties 

The particle size distribution of sediments under 2,000 um, analysed by laser diffractometry and 
characterized by grading curves, is presented in Figure 1. The results indicate that the clay/silt 
fraction dominate in fine-grained sediment sample (S6), with more than 95 96 proportion of particle 
size below 0.063 mm. Coarse-grained sediment sample (S9) contains about 50 96 of sand and gravel 
particles. 
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Figure 1. Particle size distribution measured for fine (S6) and coarse-grained (S9) sediments 


Table 1 summarizes the specific surface area (SSA) and chemical composition of the 
sediments. 


Table 1. Specific surface area (SSA) and chemical composition of the sediments 


SSA SiO; ALbO; Fe,03 MgO K,0 CaO P20; 


m?/g (96) 
S6 8.85 68.56 18.01 5.15 2.40 2.95 1.10 0.26 
S9 1.74 49.66 5.39 1.51 1.06 0.68 0.57 0.11 


The SSA of fine-grained sediment is larger (8.85 m’/g) in comparison with coarse-grained 
sediment with the SSA of 1.7 m?/g. The chemical composition of the sediments obtained from XRF 
analysis reveals that SiO? and AlO; predominantly compose the sediment samples. Toxic 
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compounds in sediments were not recorded. The total phosphorus content in collected sediment 
samples are diverse due to irregular sediment deposition in the reservoir and increase with the 
proportion of fine-grained particle fraction. 


3.2 Phosphorus sorbed by fine-grained and coarse-grained sediment 

The amount of P sorbed by fine-grained and coarse-grained sediment from solution containing 0, 5, 
10, 30, 50, 75, 100 mg/L, as KH5PO, and their sorption efficiency is shown in Tables 2 and 3, 
respectively. 

The results demonstrated, that maximum sorption of P by fine and coarse-grained sediments 
were observed at P concentrations > 100 mg KH2PO,/L. At the highest adsorbate dose (100 mg 
KH?PO,JL,, studied phosphorus sorption capacity was 322 mg/kg for fine-grained and 160.6 mg/kg 
for coarse-grained sediment (Figure 2). 


Table 2. The phosphorus content sorbed by fine-grained sediment (S6) at equilibrium 


Adsorbate dose Co Ce, s6 qe, s6 Sorption, s6 
(mg KH2PO4/) (mg P/L) (mg P/kg) (%) 
0 0 0.13* 3.25" - 
5 1.18 0.14 26.01 98.90 
10 1.6 0.20 34.90 95.51 
30 6.36 0.53 145.86 93.79 
50 11.12 1.13 249.73 91.00 
75 17.68 1.99 321.90 73.43 
100 23.87 11.0 322.05 54.51 


Note: * desorption occurs 


Table 3. The phosphorus content sorbed by coarse-grained sediment (S9) at equilibrium 


Adsorbate dose Co Ce, so qe, s9 Sorption, so 
(mg KH2PO4/) (mg P/L) (mg P/kg) (%) 

0 0 0.08* 2.00* - 

5 1.18 0.26 22.99 84.02 

10 1.6 0.50 27.56 73.67 

30 6.36 2.77 89.68 57.59 

50 11.12 6.46 116.59 42.61 

75 17.68 12.36 132.90 30.50 

100 23.87 17.5 160.62 27.23 


Note: * desorption occurs 
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Figure 2. Phosphorus adsorption of fine (S6) and coarse-grained (S9) sediments in the farm pond 


On the other hand, reservoir sediments indicated minimal P sorption at low P content. 
Furthermore, the release of phosphorus into solution was observed without the addition of 
adsorbate. The high logarithmic correlation was recorded, what also expressed the experimental 
data with the values of coefficient of determination R? » 0.92. However, with the increasing 
adsorbate dose a linear P uptake was observed (Figure 3). 
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Figure 3. Relationship between adsorbate dosage and phosphorus content sorbed 
by sediments at equilibrium 


These results are consistent with results by other researchers reporting that a larger particle size and 
specific surface area cause a smaller phosphorus sorption capacity [7,8]. 

Adsorption and desorption processes, that are universal phenomena existing on different 
interfaces in nature, affect not only the characteristics of sediment and water, but also the 
surrounding environment. 
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4. CONCLUSIONS 


In this research, the grain size, specific surface area and chemical composition of fine and coarse 
grained sediments in the Klusov farm pond was investigated. Subsequently, the ability of 
phosphorus sorption by these sediments was demonstrated. 

The results showed, that finer sediment particles with the higher specific surface area adsorb 
phosphorus to a greater extent than do coarse particles. The phosphorus sorption capacity is 
probably also associated with mineral composition of sediments containing higher Fe and AI 
content in finer sediment particles. At low content of phosphorus input into solution, reservoir 
sediments indicated minimal P sorption. Furthermore, the release of phosphorus into solution was 
observed without the addition of adsorbate. Sorption efficiency of sediments decreased with the 
increasing of adsorbate dosage. At low adsorbate dosage the phosphorus sorption efficiency by 
sediments is high, whereas at high concentrations of the sorption agent the sorption process 
significantly stabilizes in terms of reaching the maximum sorption capacity of the bottom 
sediments. 
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Abstract 


Rainwater harvesting is a worldwide spread sustainable non-conventional method which can be 
used to address the issue of water deficiency in Aegean islands and especially in Cyclades. In this 
study, a rainwater tank reliability analysis was conducted based on a daily water balance model to 
meet 30% and 50% of daily water demand of a 3- and 4-people household in 5 Cyclades islands. 
The reliability was defined as percentage of days in the time period studied when rainwater tank 
was able to supply a specific demand. Reliability in relation to rainwater tank size was determined 
for three different rainwater collection areas of 100, 200 and 300 m*. The analysis of the results 
showed that reliability was strongly influenced by rainfall regime, roof area, tank size and total 
water demand satisfied by harvested rainwater. 


Keywords: Cyclades islands; rainwater; tanks 


1. INTRODUCTION 


Greece has adequate water resources in general but also high spatial and time variations in 
availability, especially in Aegean islands. Cyclades are a typical example of intense water resources 
problems and their future may be threatened by overexploitation. 

Rainwater harvesting is a practice of collecting rainwater from a) land catchment area, which 
can store the collected water in ditches, ponds, tanks and reservoirs, either for irrigation or to 
recharge groundwater aquifers, and b) from roof surface, which is used mainly in urban areas and 
water is stored either in above ground or underground tanks, aimed mainly for domestic use and 
irrigation of home gardens. Today, domestic rainwater harvesting has become increasingly 
important as a modern, relatively cheap and simple water saving technology, being one of the most 
promising alternative water supply options against the problem of increasing water scarcity and 
demand. It provides the possibility of increasing water reserves while allowing self-reliance and 
sustainability. 

One of the main methodologies to determine the optimum size of rainwater tank is the water 
balance model (behavioural models) [1,2,3,4,5], which is applied either by using daily or monthly 
rainfall data. 

One advantage of the behavioural methods is that they can measure several variables of the 
system over time, such as volumes of consumed and overflowed rainwater, percentage of days in 
which rainwater demand is met [6], etc. The main disadvantage of these methods is that there is no 
guarantee of similar results when using different rainfall data from the same region, as the 
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simulation is based on a water mass balance equation [7]. Furthermore, another method being used, 
is sizing the water storage tank based on probability models (probabilistic models) [8,9,7,10]. 

All methodologies are based on recordings of local rainfall data used either directly as 
hydrological input data in the system or as input data for forecasting parameters required in a 
stochastic rainfall model. Overall, the capacity of rainwater harvest tanks cannot be formulated 
because is strongly influenced by several local variables, such as local rainfall, the collection 
surfaces, demand and the number of routes residents [11,12,5,13]. 

In Greece, it is imposed statutorily the construction of rainwater harvesting tanks in 27 Aegean 
islands, mainly small Cyclades and eastern Aegean islands. Furthermore, many attempts have 
already been made in Greece in order to set the necessary legal framework under which the 
collection of rainwater harvesting could be obtained along with the needed environmental and urban 
planning conditions. In addition, a recent study proposed the extension of that compulsory 
construction in other areas that belong to deficient or marginally deficient water districts such as 
Eastern Central Greece, Thessaly, Eastern Peloponnese, Crete and the rest of Aegean Islands [5,13]. 
The objective of this study is the evaluation of rainwater harvest tank reliability for domestic use in 
Cyclades islands. The level of reliability is tested in various tank sizes, using the method of daily 
water balance in 5 Cyclades islands to meet non-potable water demand of 3- to 4-people household. 


2. MATERIALS AND METHODS 


2.1 Study area 

Daily rainfall data of 5 Cyclades islands within the period 1990-2012 were obtained from the 
Hellenic National Meteorological Service. The station selection criteria were: a) data availability 
and b) time series completeness. 


22 Daily water balance method 

A spreadsheet-based daily water balance model was developed considering daily rainfall, 
contributing catchment (roof) area, losses due to leakage, spillage and evaporation, storage (tank) 
volume and water uses. The water balance model equation used [4,5] is given as 


S, = $1 +R, =D 0< 5,3 Se (1) 
or 
$, 2$, ,* C- A-P,,-N, d (p/100) OSS, S Vang (2) 


where S, is the stored volume at the end of t” day (m°), S,, the stored volume at the beginning of t^ 
day (m), R: the harvested rainwater volume during the b day (m), D, the daily water demand (m?) 
and Vi the capacity of rainwater tank (mô). C is the collection area runoff coefficient, A is the 
rainfall collection area (m^), Petrs is the daily effective rainfall depth at the end of e day (m), Neap is 
the number of capita (residents), q the daily water use per capita and p the percentage of total water 
demand satisfied by harvested rainwater. 

In the present study, the runoff coefficient was assumed equal to 0.9 and the daily effective 
rainfall was assumed equal to the daily rainfall minus a first flush equal to 0.33 mm [14] for 
improving the quality of harvested rainwater from concentrations of dust, leaves and bird droppings 
in rainfall collection area [5]. 
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Assuming a capacity of the rainwater tank (Vu), the daily stored water in the tank was 
calculated using heuristic algorithms iteratively, allowing the excess water to overflow, and when 
the stored water is inadequate to meet the demand, then the public water supply is used to cover the 
water needs [5,13]. 


2.3 Reliability coefficient 

The reliability coefficient (Re) enables the determination of rainwater tank efficiency for the 
demand levels studied. The coefficient Re of a rainwater tank is calculated as the ratio of the 
number of days when intended demand is fully met by the available stored rainwater (N;) and the 
total number of days simulated (No). 


N, 
Re =—+-100 (3) 
N o 
Accordingly, in this study the reliability coefficient is calculated using daily rainfall data records on 
a continuous time series for a simulation period of 22 years (N4,28030 days). 


2.4 Data 


Using the abovementioned methodology, the daily water balance model was applied in a 
spreadsheet of Microsoft Excel using the daily rainfall data of the period 1990-2012 for several 
different tank sizes, roof areas, number of residents and percentage of total demand to be fulfilled 
by rainwater tank. 

A range of tank sizes from 5 to 50 m? were considered, which represent both usual and 
statutorily imposed sizes [5]. In regards to catchment area, roof areas equal to 100, 200 and 300 m? 
were considered, which represent achievable overall collection areas within islands studied. The 
water demand for non-potable use of a 3- and 4-people household was determined, assuming daily 
water use per capita 150 L/cap/day and percentage of total water demand to be fulfilled by 
harvested rainwater 30% and 50%. These percentages correspond to water use for toilet (~ 30%), 
bathroom-shower (20%-30%) or/and cloths and dishes washing (~ 15%) [5]. 


3. RESULTS AND DISCUSSION 


The analysis of rainfall data from 5 rainfall stations, within the District of Cyclades, showed that the 
lowest mean annual rainfall value was observed in Santorini island (293 mm) and the highest one 
observed in Mykonos island (415 mm) (Table 1). 


Table 1. Mean annual rainfall values (P), max (Ndamax) and mean (Nad,ave) values of the longest 
annual dry periods for the rainfall time series (1990-2012) of 5 stations studied. 


e A P Nad,max Nad,ave 

Rainfall station (niti) (days) (days) 
Santorini 203 198 141 
Naxos 343 176 132 
Paros 377 200 143 
Milos 383 169 129 
Mykonos 415 171 131 
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Also, the maximum (Nadmax) and mean (Nddave) values of the longest annual dry periods 
recorded for the rainfall time series of all stations studied, were determined and are presented in 
Table 1. The Naaave and Naamax values ranged approximately from 4 to 5 months and from 6 to 7 
months, respectivelly. Note that, dry period was defined as the period without any rainfall or 
effective rainfall less or equal to 1 mm. 

Rainfall regime of these islands is similar and constitutes mainly of few high daily winter 
episodes among sort dry periods, followed by very long summer dry periods. 

Figures 1-3 show the reliability curves for different tank sizes for 3-people household and 30% 
demand to be fulfilled by rainwater (i.e. total water demand 135 L/day) for three different roof areas 
100, 200 and 300 m°. 


Reliability 


Figure 1. Reliability curves of rainwater harvesting system in relation to tank sizes to meet the 
demand of 30% for 3-people household (135 L/day) with roof area of 100 m’. 


As shown in Fig. 1, low demand (135 L/day) - low roof area (100 m^?) scenario, reliability 
increases with the tank size and the maximum reliability of 7596 can only be achieved for tank size 
of 50 m! in the case of Mykonos island. The lowest reliability values were observed in Santorini 
island ranging from 40% to 54% for tank sizes from 5 to 50 m, respectively. 

Figure 2 shows the reliability curves for low demand (135 L/day) - medium roof area (200 m?) 
scenario. Reliability ranges from 5296 to 6096 for tank size of 5 m^ and reaches approximately the 
value of 9096 for tank size of 20 m? in most islands studied with exception of Santorini since it 
needs 50 m? for 90% reliability. 

The effect of roof area doubling (from 100 to 200 m?) in reliability increase, is clearly shown in 
high tank size values since only them can store high daily rainfall values. 

Evaluating Fig. 3, which shows the low demand (135 L/day) - high roof area (300 m) scenario, 
it is observed that reliability reaches 100% for tank sizes more than 30 mî, with the exception of 
Milos which requires 50 m^ and Santorini which never exceeds 95%. Reliability still stays low in 
low tank sizes. 
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N73, P=30%, A-2200 m? 


Reliability 


Figure 2. Reliability curves of rainwater harvesting system in relation to tank sizes to meet the 
demand of 30% for 3-people household (135 L/day) with roof area of 200 m’. 


—*—Paros -= Milos ——Mykonos -—-—Santorini —< Naxos 


Figure 3. Reliability curves of rainwater harvesting system in relation to tank sizes to meet the 
demand of 30% for 3-people household (135 L/day) with roof area of 300 m’. 


Figures 4-6 show the reliability curves for different tank sizes for 4-people household and 50% 


demand to be fulfilled by rainwater (i.e. total water demand 300 L/day) for three different roof areas 


100, 200 and 300 m. 
Figure 4 shows the reliability curves for high demand (300 L/day) - low roof area (100 m) 


scenario. It is obvious that for this scenario reliability increases negligible with the increase of tank 
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size. The maximum reliability does not exceed 50% even with tank sizes of 50 m° in all islands 
studied. In particular, higher reliability values range from 35% to 49% in Mykonos and lower 
values range from 19 to 22% in Santorini. It has to be noticed that Mykonos has the highest annual 
rainfall (415 mm) and Santorini has the lowest one (293 mm) among the five islands studied. 


EE I Naj,74p-z5009,A-100nm — — — — 


—4— Paros —- Milos...—9— Mykonos....—— Santorini. —— Naxos 


Reliability 


Figure 4. Reliability curves of rainwater harvesting system in relation to tank sizes to meet the 
demand of 50% for 4-people household (300 L/day) with roof area of 100 m’. 


Figure 5 shows the reliability curves for high demand (300 L/day) - medium roof area (200 m?) 
scenario. It is clear that by doubling roof area from 100 to 200 m reliability increases with tank size 
but maximum value of 6396 can be achieved only for 50 m? tank size for Mykonos island. 
Reliability ranges from 32% to 46% for tank size of 5 m^ and 39% to 63% for tank size of 50 m. 
Among them Santorini has the lowest values due to the lowest rainfall (293 mm). 

Finally, evaluating Fig. 6 which shows the high demand (300 L/day) - high roof area (300 m) 
scenario, it is observed that reliability increases with tank size and reaches higher values in all 
islands studied. Reliability ranges from 38% to 44% for tank size of 5 m^, while with tank size of 50 
m° reliability reaches values from 64 to 85%. Santorini still demonstrates the lowest reliability 
values. 
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HOMME Naj,74pz5004,A-200m ^ — — — 


Figure 5. Reliability curves of rainwater harvesting system in relation to tank sizes to meet the 
demand of 5096 for 4-people household (300 L/day) with roof area of 200 m’. 
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Figure 6. Reliability curves of rainwater harvesting system in relation to tank sizes to meet the 
demand of 5096 for 4-people household (300 L/day) with roof area of 300 m’. 


13^ International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


115 


4. CONCLUSIONS 


Reliability of rainwater harvesting tanks depends on several factors such as climatic conditions, roof 
area, tank size, household water demand and percentage of total water demand satisfied by 
harvested rainwater. The rainfall regime imposes the adoption of high tank sizes and roof areas in 
order to collect as much rain as possible. The roof area is the dominant limited factor which tank 
size cannot overcome. High reliability (> 80%) can be achieved for tank size greater than 20 m? for 
low water demand (135 L/day) and high roof area (> 200 m?). It is almost impossible to achieve 
80% reliability in the case of high water demand (300 L/day) regardless of roof area and tank size. 
Among the five Cyclades islands studied, Mykonos presented the highest reliability values while 
Santorini the lower ones. 
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Abstract 


Water Distribution Systems (WDS) that operate gravitationally often present high nodal pressures. 
High pressure can have many negative effects to the network and its service, which leads water 
utilities to implement Pressure Management (PM) measures. This energy that is hidden inside a 
network and needs to be regulated and reduced, can be recovered instead. Hydro-turbines are 
widely used in small water energy production plants in order to turn water kinetic energy to 
electricity. PATs (Pumps as Turbines) are micro-turbines (turbines of small scale compared to the 
usual) used exactly in reverse to the usual pumps. Implementation of a PAT aims to produce energy 
along with managing to a desired level the pressure of the downstream pipe. PRVs (Pressure 
Reducing Valves) are used to decrease pressure aiming to reduce water losses. This study focuses 
on exploiting every possibility of replacing a PRV with a PAT and its ability to reduce pressure to 
acceptable levels as well as produce significant amount of energy. Water distribution system of 
Kozani city (in Northern Greece) is used as a case study. The various scenarios were implemented 
in network's calibrated hydraulic model with interesting results. 


Keywords: PATs; PRVs; water loss 


1. INTRODUCTION 


Water kinetic energy has been taken advantage from mankind for many purposes throughout centuries. 
Most recent, water has unfolded a great opportunity for green energy production via turbines. Hydro- 
turbines are widely used in small water energy production plants in order to turn water kinetic energy to 
electricity. Pumps working as Turbines (PATs) are micro-turbines (small sized) working on “reverse 
mode" compared to the usual pumps. They are being installed to recover a significant part of the 
available kinetic/flow energy inside a pipe and convert this energy to electricity [1]. Produced electricity 
can be either high or low voltage (produced power usually varies from 1 to 200 KW). Water utilities in 
charge of either small or greater networks try to exploit this new opportunity in order to cover part of the 
energy needs of the Water Distribution Network (WDN) itself, or sell electricity to bring back revenue. 

Although oil prices have decreased due to certain events in recent years, energy crisis is constant. 
Increased interest is shown into PATs as they are pumps that contribute to an energy self-sufficient 
network. Apart energy prices PATs contribute to environmental safety as they produce electricity from a 
renewable source. Although it is hard to detect and measure excessive energy and pressure potentials, 
after thorough studies and cross-checks, suitable places for energy production in WDSs can be spotted. 

PATS are reliable producers of renewable energy [2]. Installation of a PAT in a water distribution 
network must comply with all its operational restraints. An additional great advantage of a PAT is its 
ability to reduce the downstream pressure, even close to zero. With certain modifications and operation 
patterns, some types of PATs are capable of maintaining a desired level of pressure control (such 
modifications have mechanical character and determine energy production as well as pressure 
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management of a PAT but they do not consist research topic for this article). When a PAT is used also 
to control downstream pressure, energy produced is reduced, but benefits achieved are increased. 
Mechanical equipment and operation mode of a PAT, demand high dedication as a wrongly selected 
PAT can bring devastating results to the network's service levels and its energy production as well. 

The best way to reduce Non-Revenue Water (NRW) level in a water distribution network has proven to 
be Pressure Management (PM). AII PM strategies begin mainly by forming (dividing the network into 
several) District Metered Areas (DMAs) followed by Pressure Reducing Valves (PRVs) installation in 
several DMAs' entering points. An alternative to PRVs, are PATs that are used to perform Pressure 
Management as well as recover "green energy" from the water distribution network itself. This 
mechanical device has the same operational mode of a pump but instead of consuming energy to boost 
water, it takes advantage of water flow to produce electricity. As PATs operate similarly to other regular 
pumps, their implementation does not require many modifications to take place in the network. No 
specially trained personnel is needed to support and perform maintenance works related to PATS' 
operation. Additionally, spare parts for PATs are easy to find in the market. Purchase values and other 
implementation costs are quite low and in any case comparable to those of regular pumps. The only 
significant requirement is the existence of a naturally produced energy surplus. There have been many 
examples of PATs’ implementation around the world during the last two decades [3], [4]. Still, the 
opportunity to recover energy from a water distribution network is not widely spread and adopted. Most 
of the PATs installation cases have taken place in the water supply mains of water distribution networks 
[5], where water is supplied in large diameter pipes from springs or drillings, sometimes covering long 
distances and starting from high altitudes. Except from a minimum of pressure and flow inside a pipe, 
the produced energy must have a purpose to exist. Energy production usually takes place near the 
energy consumption/demand site, otherwise power transmission network is required. 

PATSs unfold great opportunities [6], but thorough study is needed before equipment selection and 
installation. The complexity of the problem is high and it can easily turn such a promising investment 
into a failure. In order to implement PATs successfully, water utility managers need to cooperate with 
experienced researchers and equipment providers. An example of a PAT implementation project in the 
water distribution network of Kozani city (in Northern Greece) is presented as a case study in this paper. 


2. CASESTUDY & METHODOLOGY 


Kozani city, capital of Kozani County in West Macedonia Region, Greece, is located in the northern 
part of Aliakmonas river valley. The city lies 710 metres above sea level, 15 Km northwest of the 
artificial lake Polyfytos, 120 km south-west of the city of Thessaloniki (the second largest Greek city 
after Athens, the capital city), between Pieria, Vermio, Vourinos and Askio mountains. The population 
of Kozani municipality exceeds 70,000 people. The consumers being served by the local water utility 
(named DEYAK) are almost 50,000 people. Its well-designed water distribution network is widely 
spread covering a huge area (Figure 1), including the entire city and its expansions in more than ten 
suburbs. The total daily water volume supplied by the water distribution network reaches its peak 
(22,744m3) on July (a high figure that indicates great chance of high non-revenue water levels), while 
dropping to just 18,584m3 on January. Figure 2 presents the total water volumes (in a 4-months basis 
following the billing period adopted by DEY AK) produced ( as produced is named the amount of water 
a water utility brings into the network to cover its needs) and consumed (measured) in Kozani in 2009 
and 2010 [9]. Kozani during winter is being supplied by Ermakia springs (to the north), while during 
summer by Vathylakkos boreholes (to the south). There are three pressure zones formed: a) a limited 
higher (BLUE) zone at the north (altitude ranging from +750 to +800); b) a medium (RED) zone in the 
middle (altitude ranging from +710 to +750); and c) a low (GREEN) zone at the south (altitude ranging 
from +610 to +710), covering 60% of the total water demand (Figure 1). There are two main water 
storage tanks and also a tank system supplying only the middle zone [7]. 
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Figure 1. Kozani city WDN: (a) water tanks, pressure zones; (b) DMAs [7] 
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Figure 2. Water extracted (SIV) & consumed in the city of Kozani [7, 8] 


The water distribution network of Kozani city was chosen for this study due to the high altitude 
difference observed in Kozani's topography. Thus, as already mentioned, the local (municipal) water 
utility (DEYAK) operates the network by supplying water into three pressure zones. The water 
distribution network has been further (virtually) divided into several DMAs through studies performed 
by the authors in the near past. Due to the high altitude difference observed, the network works 
sufficiently by gravity. There are nodes in the network where the available operating pressure gets as 
high as 10 atm, causing major problems to the network's operating status and life expectancy. Also 
water losses are increased and Non-Revenue Water (NRW) reaches 5896 of the System's Input Volume 
(SIV) [8]. 

Virtual formation of the 24 DMAs took place using the network’s hydraulic simulation model that 
was recently developed. The segmentation of the network was done by "installing" isolation valves in 
the pipes that define the DMAs' borders. Possible locations to install PATs were considered only the 
pipes supplying water to one or more DMAs. These “DMAs entrance pipes" were the only pipes 
checked as the aim of the study was twofold, thus not only to produce energy through PATs but also to 
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reduce operating pressure like the Pressure Reducing Valves (PRVs) do, when installed in these DMAs 
entrance pipes. In order to test the implementation of a PAT, a pipe with excessive pressure potential 
must be pinpointed. All DMAs where included in this study despite their high complexity. Observation 
of some DMAs is far more complex due to the fact that although each DMA is being supplied by one 
pipe. the water may exit the DMA from one or more pipes (not all DMAs have one exit, some have 
more than one exit and supply several other DMAs). DMAs that provide water downstream (meaning 
that they are not the last downstream DMA s), affect other DMAs if upstream pressure is reduced. All 
DMAs’ entrance pipes were selected as potential PAT installation positions. In order to determine a 
pipe's ability to produce power, equation 1 was selected to estimate the power of a hypothetically 
installed PAT. This equation has been used in the past from researchers for similar purposes [9,10] and 
is greatly used by many manufacturers to calculate energy production. 


B-—AhsQsgspsnaga* sen. (Watt) (1) 


pop sposa nies nice 


P..=power produced from turbine (Watt), Ah=Hydraulic Head difference (m), Q= water flow (m/s), 
g= acceleration of gravity (9,81 m/s?), p= water density (1000 kg / m°), nu. = turbine efficiency 
factor (usually 0,8-0,9), ngen. = generator efficiency factor (usually 0,8-0,9) 

Eighteen pipes were examined as potential PAT installation positions and their energy 
production was calculated according to equation 1. Only 11 were able to support a turbine of 2kW 
or more. 7 pipes were excluded as their flow and head difference were not enough to be exploited 
for energy production. According to what international market offers, suitable equipment was 
selected and implemented in each position. Each PAT was hydraulic simulated and tested on the 
WDN's hydraulic model. One great observation was that in some cases implementation of a PAT 
was able to control pressure in more than one DMA. As a result of the above, some PATs were 
neutralized because head difference and flow were decreased from a PAT implemented above them. 
In figure 3 there are pinpointed all seven turbines that were able to produce considerable energy. 


Position 18 
Position 13 


Position 14 


Position 17 


Figure 3. Positioning of PATs inside the WDN of Kozani city. 
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In order to evaluate PATs as PM measure and not only as energy generators, their results were 
compared to those of PRVs. 3 scenarios were developed in this study, that all took place on the same 
seven DMAs selected above. In scenario No.1, the water distribution network is divided into DMAs, but 
no PRVs or PATS are installed. In scenario No.2, PRVs are placed in the entrance of each DMA. Each 
PRV is selected according to the diameter of the pipe and is regulated to operate on a steady initial 
pressure. Initial pressure of the PRV is maintained to the minimum level, where no node has pressure 
lower than 200 KPa (this minimum required nodal pressure is defined by the Greek legislation all water 
utilities obey). In scenario No.3, every PRV is replaced by a PAT. Pats are installed in exact same 
position where were the PRVs of scenario No.2. Each PAT has different power as shown in table 1. 
Turbine power is limited due to the restriction of minimum available nodal pressure (200 KPa) in every 
node of the DMA. Both types of PRV and PAT selected, have no daily pattern regulators, thus operate 
on a steady-state condition. Other guidelines defining the PAT type were market availability and cost. 


Table 1. Power of each PAT in each position. 


positions > 2 Kw PAT (KW) 
position 8 6.137108 5 
position 10 12.37776 10 
position 11 5.648943 4.5 
position 13 6.679154 5 
position 14 4.925985 4 
position 17 4.0567 3 
position 18 7.784024 6 


All three scenarios were tested using the Bentley WaterGems v8. i software separately. The hydraulic 
model of Kozani city was firstly calibrated and validated in order to offer accurate results. After each 
scenario test, data was collected regarding reduction of DMAs’ water input volume, annually recovered 
energy (in scenario No.3 only), equipment purchase cost, maintenance costs, worth of energy recovered 
and water volume being saved. 


3. STUDY RESULTS 


Each scenario resulted clearly after several tests in several advantages but also some disadvantages. 
Specifically, it can be observed that in scenario No. 2 there is better pressure management than in 
scenario No. 3. On the contrary only in the third scenario there is power production which can be used 
to cover several needs of the WDS and the water utility in charge. Reduction of SIV is a result of PM 
thus scenario No. 2 has greater reduction but No. 3 has reduced water volume significantly too. In table 
2 there are details about scenario No. 1 were the initial state is explained. Table 3 describes how figures 
from first scenario developed, after PRV or PAT implementation. 


Table 2. Pressure and flow in scenario No. 1. 


Annually saved Annually 
Pressure Annual Average water (cubic recovered 
(Kpa) water Flow (L/s) meters) energy (kWh) 
position 8 DMA 4K 588.26 28.73 0 0 
position 10 DMA M 536.80 73.62 0 0 
position 11 DMA 5 669.76 18.68 0 0 
position 13 DMA 12 548.81 32.86 0 0 
position 14 DMA 7 633.66 19.00 0 0 
position 17 DMA K-2 710.39 13.58 0 0 
position 18 DMA 18 644.62 30.71 0 0 
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Pressure reduction in the second and third scenario was similar. In both scenarios PM was very 
efficient and reduction rates were from 34.50% to 62.94% for PRVs implementation and from 
28.92% to 57.59% for PATs implementation. Difference in these two strategies was never above 
9% compared to the initial state (scenario No.1). In terms of PM, scenario No.2 and No.3 are not 
identical but it can be understood that PATs do control pressure too. Pressure reduction rate is 
shown below in figure 4. 

What is important for PM tactics apart from reduction of bursts and leaks, is reduction of Non- 
Revenue Water (NRW) as well as reduction of pressure dependent consumptions and other uses. 
All the above result into reduction of the system's input volume (SIV). Saving water is vital for 
recent water utilities as it is very hard to find new quality sources of water in many occasions. 
Annually saved water in scenario No.2 was different for every DMA but it summed up 2,238,318 
cubic meters but scenario No.3 saved 405,000 cubic meters less. Energy production is also very 
important and gives PATs a major advantage. Only in the third scenario there is energy recovery 
from the network itself. Energy that otherwise would be wasted instead of used by the water utility 
in order to lower its operating costs, or produce revenue. Figure 4 depicts energy recovery and 
water saving of scenario 2 and 3 for each DMA separately. 


Table 3. Pressure, flow, saved water, recovered energy. Row order is same as in Table 2. 


PRV PAT 
Pressure panel Annual water enue Pressure Anona Annual water ana 
(Kpa) average Water savings (m3) recovered (Kpa) average Water eae (m5) recovered 
Flow (L/s) energy (kWh) Flow (L/s) Energy (kWh) 
277.08 22.06 210,244.87 0 316.24 23.46 166,009.7 43,800.0 
324.61 55.84 560,469.56 0 345.18 59.04 459,654.4 87,600.0 
248.19 12.60 191,688.47 0 284.02 13.46 164,376.2 39,420.0 
359.46 24.07 277,240.82 0 390.11 26.56 198,799.7 43,800.0 
250.90 13.12 185,197.00 0 328.73 15.11 122,505.4 35,040.0 
310.60 10.23 105,550.35 0 316.51 10.32 102,613.5 26,280.0 
340.11 8.26 707,926.62 0 391.16 11.08 618,989.8 52,560.0 
PRESSURE REDUCTION RATE % 
m PRV 
PAT 
position8 position10 position 11 position 13 position14 position17 position 18 
DMA4K DMAM DMA5 DMA 12 DMA7 DMA K-2 DMA18 


Figure 3. Pressure reduction rate of PRVs and PATs implementation. 
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Annually saved water and recovered energy 


800000,0 
E (PRV)-Annual saved 
water (m^3) 
600000,0 
E (PRV)-Annually 
400000,0 recovered energy 
(kWh) 
200000,0 B (PAT)-Annual saved 
water (m^3) 
position position position position position position position  ™ (PAT)-Annually 
8 DMA 10DMA 11DMA 13DMA 14DMA 17DMA 18DMA recovered energy 
4K M 5 12 7 K-2 18 (kWh) 


Figure 4. Annually saved water and recovered energy 
(Numbers occur from hydraulic simulation of Kozani’s city model) 


Studying the results, it can be concluded that if applicable, PATs should be considered by water 
utilities as a valuable investment. Other than excessive energy, PATs should be implemented only 
when a need for energy is located near the recovery site. In any other case where no energy 
consumption can be satisfied nearby, PATs are not the optimal solution for pressure reduction as 
power transmission should take place. PRVs are more accurate and effective in reducing pressure 
and are easier to implement. Also equipment and maintenance cost differ for each scenario. Pats can 
be twice or more the price of PRVs and they require more advanced knowledge and personnel to 
monitor them. PATs implementation inside water distribution networks can take advantage of its 
dual benefit and prove to be the most valuable pressure management and energy recovery measure. 
Newer developed types of turbines make things more promising for PATs as recent models are 
capable of measuring downstream pressure and be self-modified to keep it at a certain level. Other 
improvements should take place in order to increase efficiency of mechanical equipment and limit 
other implementation risks. This way, the differences in pressure management compared to PRVs 
can be reduced and the energy recovery rate can be increased. 


4. CONCLUSION 


WDNs suffer from high pressure levels causing many problems as well as increasing SIV and 
NRW. DMAs implementation and PRVs installation are the most effective pressure management 
strategies up to recent years. PM tactics manage to reduce pressure along with all its negative 
effects but do not take advantage of water's surplus kinetic energy. PATs unfold a new opportunity 
for water distribution networks to recover energy but also perform effective pressure management. 
A properly implemented PAT can achieve significant energy production and DMAs' excessive 
pressure reduction. Combining PATs inside a water distribution network with bigger PATs in the 
water supply mains (before the main water tanks outside the city limits) can help a water utility to 
be self-sufficient in terms of energy needs. Pressure control is not as efficient as in the case of a 
PRV installation but figures do not pose great difference. Extra careful study must take place in 
order to define whether there is surplus energy in a network and find suitable positions for PATs’ 
implementation. Unfortunately, not all water distribution networks are able to provide such 
locations. Efficient and cost-effective PATs require one major detail from the WDN. Water must 
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flow inside only by gravity. Additionally, a need for energy consumption has to exist nearby the 
energy recovery site, otherwise energy must be transported for long distances or sold which might 
not be possible or expensive. 

Three scenarios were tested in the current study to compare PRV and PAT implementation 
after the segmentation of a water distribution network in DMAs. Results for PRV installation were 
pretty much as expected, but PAT implementation did provide very promising results too. Out of 
the 24 DMAs in the water distribution of Kozani, 18 were selected in the case study as potential 
PAT implementation positions. Due to lack of excessive pressure and flow some of them were 
excluded, using an equation to calculate the potential power of a pipe. Finally, after hydraulic 
simulation, 7 positions were capable to produce power higher than 2kW and PATs were selected 
carefully in order to calculate pressure management too. Results were promising but not as good as 
PRVs in terms of PM. PATs can be very valuable providing dual benefits but need extra care and 
expertise in studying before implementation. Wrong selection of equipment, wrong positioning and 
calibration can have disastrous effects on the network. PRV and PAT implementation in every 
scenario should maintain the minimum pressure level requirements downstream in order to keep 
consumers satisfied. If further research is invested in PATs, then many problems regarding their 
efficiency or implementation could be solved. 
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Abstract 


Greywater or sullage is wastewater generated from households, commercial establishments and 
other sources that has not come into contact with faecal matter. In our study greywater from a 
household in a tea garden in Assam, India, was treated in a constructed wetland mesocosm which 
was designed as a scaled-down model of a vertical sub-surface flow (VSF) system planted with 
Phragmites australis or Phragmites karka. Variables such as electrical conductivity (EC), total 
dissolved solids (TDS), nitrate, phosphate, chloride and sulphate as well as trace elements such as 
Ca, Mg, Cd, Cr, Fe, Mn, Ni and Zn were reduced to varying extent after treatment with the two 
plant species. On the contrary, Cu and Pb concentrations were not reduced. The treated greywater 
could be reused for gardening or toilet flushing, thereby contributing towards recycling and 
conservation of water. 


Keywords: greywater; constructed wetland; vertical sub-surface flow; heavy metals 


1. INTRODUCTION 


Wastewater treatment and recycling have become cherished objectives worldwide in view of the 
impending global water crisis. This crisis has already struck in many parts of the world, especially 
in the arid zones, and poses a stiff challenge to water managers, policy makers and all the 
stakeholders and end users alike. Wastewater is generally classified into two major types: ‘black-’ 
and 'grey-' water. The latter includes all wastewater generated from household activity except that 
from the toilet [1]. However, wastewater from kitchen is often classified separately as ‘dark’ water. 
Blackwater treatment and reuse involve sterilization and removal of pathogens and faecal matter, 
and consequently are far from easy tasks. Greywater, the treatment of which is less cumbersome, 
can be used for gardening, toilet flushing [2], and even in construction work for mixing concrete. 
However, greywater used in construction work must be low in impurities like chloride, sugar, salt, 
zinc. lead, calcium, oil, fat and detergents, since these can compromise the quality of concrete 
produced [3]. Such water can also corrode toilet plumbing and appliances if used for flushing. 
Similarly, greywater used for gardening or irrigation should have variables like pH, electrical 
conductivity (EC), total dissolved solids (TDS), nitrate, phosphate, chloride, hardness, sodium and 
toxic heavy metals such as cadmium, lead, zinc, chromium and others within permissible limits. 
Thus appropriate and adequate treatments of greywater are essential prerequisites for its safe and 
sustainable reuse and recycling. Water scarcity and poor water quality are among important 
concerns related to water resources management in water-stressed areas [4,5]. However, even in 
areas where water may be plentiful, greywater treatment and reuse can lead to improvement of 
natural water quality by reducing the pollution load [5]. This especially holds good for small towns 
and satellite townships in India and other developing countries where it is the practice to release 
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untreated wastewater into receiving water bodies like rivers and lakes. In such areas, greywater 
treatment and reuse could be explored through the use of constructed wetlands (CWs). 

Relatively few studies have been conducted in India on the efficacy of CWs [6-8]. Similarly, 
the suitability of employing CWs has been assessed in other developing countries such as Tanzania 
[9] and in the tsunami-affected areas of Thailand [10]. It has also been suggested that CWs could 
serve as stand-alone wastewater treatment systems in small villages [11]. The rich aquatic and semi- 
aquatic plant biodiversity of south and southeast Asia have remained relatively unexplored for their 
applied value in pollution biomonitoring and bioremediation. However, a few studies have revealed the 
phytoremediation potential of aquatic and semi-aquatic macrophytes that could be exploited for 
wastewater treatment [12,13]. A microcosm model has also been tested in an earlier study for treatment 
of laboratory greywater [2]. In view of the above, the present study aims to test a mesocosm model 
planted with two semi-aquatic macrophytes for domestic greywater treatment in Assam, India. 


2. MATERIALS AND METHODS 


2.1 Collection and acclimatization of experimental plants 

Two species of semi-aquatic emergent macrophytes were used in the present experiment. These 
were: i) Phragmites australis Cav. Trin. Ex Steud; and ii) Phragmites karka Trin. Fund.Ex Steud. 
These were collected from wetland margins and marshy areas in and around the Assam University 
Campus at Dargakona, Cachar, Assam. The plants were brought to the laboratory and acclimatized 
for 15 days before the start of the experiment and placed in separate PVC containers filled with 
water for acclimatization. 


2.2 Experimental Set Up for Greywater Treatment 

For testing the waste treatment efficacies of the two macrophytes, an outdoor constructed wetland 
(CW) mesocosm was constructed in the West Jalinga Tea Estate, Cachar, Assam. This treatment 
system comprised a PVC tank which served as a storage-cum-sedimentation tank that first received 
the greywater generated from several households of the tea estate. From this tank, the greywater 
was fed into one of the three circular concrete tanks with a 16 L capacity. One of the tanks served as 
a control tank, having only gravel of 0.5-1 cm diameter. The other two tanks contained gravel beds 
planted with either Phragmites australis or Phragmites karka (Fig. 1). The effluent greywater after 
retention in these tanks was collected for analysis from the bottom of the tank which was fitted with 
an outlet with a stopcock. Thus these mesocosms served as miniature Vertical Sub-Surface Flow 
(VSSF) constructed wetlands. Each mesocosm was planted with a single species of macrophyte. 
After each experiment the mesocosms were thoroughly drained and flushed with tap water. 


2.3 Sample Collection 

Grey water samples were collected before it was subjected to any treatment. Water samples were 
also collected from the bottom outlet at the Hydraulic Retention Time (HRT) interval of 30 h. Thus 
the water samples collected belonged to either of the following categories: i) untreated greywater 
(Raw); 11) greywater from the control microcosm containing only gravel at 30 h HRT (Control); and 
iil) greywater after being treated in mesocosm planted with P. australis or P. karka at 30 h HRT. 
The experiment was repeated thrice with three replicate samples collected in the first two and two 
replicates in the third experiment. 


2.4 Water Analysis 

Wastewater samples were collected before and after a treatment time of 30 hours in clean PVC 
bottles and divided into two parts. One part was analysed for pH, electrical conductivity (EC), total 
dissolved solids (TDS), total alkalinity (TA), phosphate, nitrate, total hardness, chloride and sulpha- 
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Figure 1. Schematic representation of the greywater treatment set up 
at West Jalinga Tea Estate, Cachar, Assam. 


sulphate using standard methods [14, 15]. Sodium content in the samples was determined with a 
flame photometer (Systronics India). The other part was acidified with concentrated HCl (1 ml L’) 
and trace elements and heavy metals such as Ca, Mg, Fe, Mn, Cd, Cr, Cu, Pb, Ni and Zn were 
estimated by graphite furnace atomic absorption spectrometry (Analytik Jena Vario — 6). Metal 
contents in water samples were analyzed following previous studies [16]. 


3. RESULTS AND DISCUSSION 


3.1 Physico-chemical properties of greywater before and after treatment 


The physico-chemical properties of the influent domestic greywater before treatment and after 
passing it through only gravel bed or through gravel beds planted with either Phragmites australis 
or Phragmites karka for a hydraulic retention time (HRT) of 30 hours are shown in Table 1. As 
shown in the Table, the mean pH of influent domestic greywater was slightly acidic, and it was 
neutralized to some extent in gravel, P. australis and P. karka with the latter having the highest 
efficiency and gravel the least. Both EC and TDS were reduced more efficiently by P. karka, which 
was also most effective in reducing nitrate and sulphate and augmenting total alkalinity. P. australis 
most effectively reduced phosphate, chloride and sodium. Treatment through only gravel resulted in 
the least improvement of greywater quality. On the contrary, concentrations of some variables such 
as nitrate, sulphate and sodium were increased and alkalinity reduced in gravel treatment. The range 
of values of the variables revealed that there were high variations in several variables, indicating 
that the physico-chemical properties of domestic greywater could fluctuate greatly because of the 
wide range of impurities entering the domestic greywater from laundry, kitchen and bathroom. For 
instance, although the mean pH of influent greywater was a safe 6.32, the lower and upper 
extremities could be 4.24 and 9.57, respectively, suggesting that while on the one hand, acidic 
materials like vinegar, lemon juice and peels could lower the pH, preponderance of alkaline 
materials such as baking soda and others could push it to the other extreme. It can also be seen that 
both P. australis and P. karka could effectively moderate and keep the pH within acceptable limits. 
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Comparisons with the Indian Standards for irrigation water quality as laid down by the Bureau 
of Indian Standards (URL-1) [17] reveal that while the values of EC, TDS, chloride and sodium in 
untreated influent water could sometimes go beyond the desirable or even permissible limits, 
treatment with P. australis and P. karka could bring these down to safe limits. The concentrations 
of all heavy metals remained well within the desirable limits, and they did not pose any problem for 
irrigation or concrete mixing [3]. Sodium and EC levels in greywater after treatment in constructed 
wetland mesocosms could be considered as belonging to the “Good” category [17]. 


Table 1. Physico-chemical properties of greywater before and after treatment with only gravel, 
Phragmites australis and Phragmites karka with a hydraulic retention time of 30 hours 


Mean + S.E. (Range) 


Variables Influent Gravel P.australis P. karka 
pH 6.32 + 0.62 6.47 € 0.31 6.73 + 0.2 6.82 + 0.22 
(4.24-9.57) (4.82-7.12) (5.73-7.36) (5.5-7.36) 
EC (mS cm) 0.65 + 0.28 0.47 + 0.08 0.46 + 0.04 0.38 + 0.04 
(0.13-2.46) (0.25-0.95) (0.26-0.58) (0.17-0.51) 
TDS (ppt) 0.42 + 0.19 0.31 + 0.05 0.3 + 0.03 0.25+ 0.03 
(0.09-1.63) (0.16-0.62) (0.17-0.36) (0.12-0.33) 
Nitrate mg L 0.31 + 0.05 0.41 + 0.26 0.17 + 0.17 0.1 x 0.03 
(0.17-0.43) (0.09-1.17) (BDL-0.84) (BDL-0.17) 
Phosphate mg L“ 16.84 + 5.55 15.37 + 4.85 1.63 + 0.31 11.07 + 3.67 
(0.88-47.13) (0.88-32.75) (0.75-2.5) (2.38-27.5) 
Alkalinity mg L” 161.62 + 53 130.18 + 23.15 148.23 + 21.85 192.06 + 17.5 
(39.04-456) (68-256) (39.04-244) (92-244) 
Total hardness 4.18 + 0.08 4.03 + 0.35 4.1 x 0.05 4.07 + 0.01 
mg L” (4.04-4.26) (3.48-4.4) (4.06-4.19) (4.07-4.08) 
Chloride mg L” 106.7 + 52.66 58.47 € 16.89 41.73 € 10.56 49.98 + 9.87 
(25.99-459.8) (11.99-159.92) (6-75.96) (15.99-87.98) 
Sulphate mg L'' 32.41 + 8.42 45.15 + 10.55 14.0 + 1.58 11.82 + 3.03 
(8.95-74) (5.97-88) (8.95-18.64) (2.98-25.35) 
Sodium mg L“ 80.03 € 4.11 82.52 + 1.4 20.21 + 8.79 21.89 + 9.76 
(72.92-87.14) (80.09-84.94) (5-35.42) (5-38.77) 


BDL: Below detection limit; EC: Electrical conductivity; TDS: Total dissolved solids 


The percentage reduction or increase in the different physico-chemical variables from that of 
the untreated influent greywater under the three treatments is shown in Figure 2. 


3.2 Removal of heavy metals in constructed wetland mesocosms 

The concentrations of nutrients like Ca and Mg and some heavy metals in the influent greywater 
and after treatment in gravel bed and with P. australis and P. karka are given in Table 2. The 
concentrations of Cu, Fe, Mg and Ni were relatively high in the influent greywater, while the rest of 
the metals were well within safe limits. It is also seen that Cu could not be reduced appreciably by 
either of the macrophytes, while its concentration increased in gravel treatment. However, Cu at 
these concentrations is not likely to be toxic and instead may act as a micronutrient for plants. Fe 
and Ni concentrations were relatively high in the greywater of the tea garden, although both could 
be removed by treatment. Since the treated greywater has low chloride, sulphate, and metals like 
Ca, Zn and others, it can be easily used for mixing with concrete (Peche et al.)[3], as well as for 
other purposes such as irrigation of tea bushes and other plants, or for toilet flushing. 
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m Gravel 
P. australis 


m P. karka 


% Change 


EC: Electrical conductivity; TDS: Total dissolved solids; TA: Total alkalinity 


Figure 2. Percentage changes in physico-chemical variables in the three different treatments 
from that of the untreated influent greywater 
Gravel: Only gravel; P. australis: P. australis bed + gravel; P. karka: P. karka bed + gravel 


It can be observed from Figure 2 that reductions in phosphate, chloride, sulphate and sodium 
were the most pronounced, being over 50 %. 


3.2 Removal of heavy metals in constructed wetland mesocosms 
The concentrations of nutrients like Ca and Mg and some heavy metals in the influent greywater 
and after treatment in gravel bed and with P. australis and P. karka are given in Table 2. The 
concentrations of Cu, Fe, Mg and Ni were relatively high in the influent greywater, while the rest of 
the metals were well within safe limits. It is also seen that Cu could not be reduced appreciably by 
either of the macrophytes, while its concentration increased in gravel treatment. However, Cu at 
these concentrations is not likely to be toxic and instead may act as a micronutrient for plants. Fe 
and Ni concentrations were relatively high in the greywater of the tea garden, although both could 
be removed by treatment. Since the treated greywater has low chloride, sulphate, and metals like 
Ca, Zn and others, it can be easily used for mixing with concrete (Peche et al.)[3], as well as for 
other purposes such as irrigation of tea bushes and other plants, or for toilet flushing. 

The percentage reduction of elemental concentrations after treatment with only gravel and with 
P. australis or P. karka is shown in Figure 3. Cu reduction is very less in P. australis treatment, 
while its concentration increases marginally in P. karka and substantially in gravel bed. Cd 
reduction is also only 2 % in P. karka treatment, while there is increase in gravel as well as P. 
australis treatment. However, Cr is effectively reduced in all the three treatments in the range of 51- 
52 9c. Ca reduction is moderate (about 11-15 96) in P. australis and P. karka treatments. P. australis 
was the most efficient in Fe removal, followed by P. karka. On the contrary, Mn removal was the 
highest in P. karka, followed by P. australis. Pb removal was only observed in P. australis, while 
Ni and Zn concentrations were reduced in all the three treatments, with the highest Ni removal in P. 
australis, and Zn in P. karka. 
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Table 2. Trace element concentrations in greywater before and after treatment with only gravel, 
Phragmites australis and Phragmites karka with a hydraulic retention time of 30 hours 


Mean x S.E (Range) 


Concentration 

ugL! Influent Gravel P. australis P. karka 
Cu 452 + 60.96 726.5 + 169.67 431.56 + 41.98 454.25 + 60.72 
Cd 6.63 + 1.51 8.74 + 2.68 8.43 +3.11 6.5 € 2.6 
Cr 8.83 + 1.94 4.25 € 0.75 4.23 + 0.92 4.2 + 0.08 
Ca 71.25 + 8.39 72 + 1.08 63.25 + 7.18 60.25 + 9.5 
Mg 97] € 12.3 941.25 + 45.54 956.75 € 11.75 945 +0 

Fe 2295 + 222.84 1967 + 341.05 1723.2 + 159.13 1905.75 + 249.24 
Mn 33.88 + 8.73 28.53 + 11.71 23.56 € 5.23 18.25 + 3.75 
Pb 7.55 42.3 19.96 + 11.35 6.78 + 1.71 9.43 + 2.36 
Ni 314.25 + 34.1 208 33.81 144.94 + 21.1 205.75 € 16.56 
Zn 9.68 + 1.2 6.23 + 1.03 4.93 + 1.37 4.5+1.19 


% Change 


= Gravel 
P. australis 


mP. karka 


Figure 3. Percentage changes in elemental concentrations in the three different treatments 
from that of the untreated influent greywater 
Gravel: Only gravel; P. australis: P. australis bed + gravel; P. karka: P. karka bed + gravel 


Greywater treatment and reuse are gaining importance in many low and middle income countries, 
where inadequate wastewater treatment is having adverse impact on both public and environmental 
health. Also, greywater in water-stressed countries might be viewed as an important resource that 
could contribute towards the mitigation of water scarcity [2,5]. An overview of the different 
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greywater management systems installed in several developing countries such as Mali, South 
Africa, Costa Rica, Nepal, Jordan and others were made [5]. The study reveals that greywater 
management offers innovative approaches often combining grease-and-grit traps and filters with 
horizontal and vertical flow constructed wetlands. The treated water is used for irrigating fruit and 
vegetable plots or fed into fish ponds. The results obtained in the present study suggest that the use 
of native or naturalized aquatic or semi-aquatic macrophytes in tandem with sedimentation 
chambers and septic tanks could be further explored to standardize these systems and popularize 
them in priority areas. 


4. CONCLUSIONS 


The present study analysed the physico-chemical properties of domestic greywater generated in 
a tea estate in North East India and the changes that occurred after this water was treated in vertical 
sub-surface flow constructed wetland mesocosms having gravel beds planted with Phragmites 
australis and Phragmites karka. The results obtained suggest that while P. australis was more 
efficient in reducing phosphate and chloride, P. karka neutralized pH and reduced the 
concentrations of EC, TDS, nitrate and sulphate more effectively. Among the heavy metals 
investigated, P. australis was more efficient in removing Ni, while P. karka removed Zn and Mn to 
greater extents. However, these plants were not very effective in removing or reducing the 
concentrations of Cd, Cu and Pb. Thus more aquatic and semi-aquatic plants need to be screened in 
a constructed wetland set up for evaluating their efficacies in moderating different physico-chemical 
variables as well as xenobiotics such as heavy metals and pesticides to create a local / regional 
database that could be used in combinations appropriate for a given situation. For instance, it has 
been shown that /pomoea aquatica, a semi-aquatic macrophyte, could hyperaccumulate Cu and 
could effectively remove it from contaminated medium [12], while Alternanthera philoxeroides 
could accumulate and remove Cd from municipal wastewater [13]. The rich plant biodiversity of 
North East India, which is a part of the Indo-Burma Biodiversity Hotspot deserves special attention 
while creating this database. At the same time, regulations mandating separation of blackwater and 
greywater need to be incorporated into the building standards of urban areas. Builders and 
promoters in urban centres and the general population in cities, small townships and rural areas 
alike need to be made aware of the immense possibilities of treating and reusing greywater for 
improving sanitation and natural water quality and for addressing water scarcity. 
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Abstract 


Pharmaceuticals are continually being introduced to municipal wastewater treatment plants, and 
they have potential to affect the efficiency of the biological wastewater treatment processes. Thus, it 
is critical to observe these pharmaceuticals for biodegradation on the activated sludge. Ibuprofen is 
a non-steroidal acidic anti-inflammatory drug that is largely used throughout the world. In this 
study, the removal efficiency of Ibuprofen with aerobic biodegradation was investigated in a 
laboratory-scale Extended-Aeration Activated Sludge Process (EASP). Five batch bioreactors were 
operated at different hydraulic retention times of 12-52 h, and Ibuprofen concentrations of 0.01-10 
mg/L. It was determined that aerobic biodegradation is dominant removal mechanism of IBU. The 
maximum removal efficiencies of IBU of 0.01 mg/L were obtained as 77.9%, 85.0%, 94.7% and 
99.9%, for different HRT values of 12, 24, 36 and 52h, respectively. 


Keywords: activated sludge; biodegradation; ibuprofen; removal; wastewater 


1. INTRODUCTION 


The activated sludge process is a suspended — culture system that has been in use since the early 
1900s. The process derives its name from the fact that settled sludge containing living, or active, 
microorganisms is returned to the reactor to increase the available biomass and speed up the 
reactions. It may be either a completely mixed or plug flow process [1, 2]. The extended aeration 
activated sludge process used in this study is a modification of the activated sludge process in which 
aeration time is increased to about 18-24 h, and has high mixed liquor suspended solids between 
3500-5500 mg/L [3]. Ibuprofen 2-(4-isobutylphenyl) was derived from propionic acid by 
researchers at the Boots Company (Boots Group Plc, UK) during the 1960s. Ibuprofen (IBU) is 
commonly used for the relief of symptoms of arthritis, fever, primary menstrual pains. It is non- 
steroidal anti-inflammatory drug (NSAID) and analgesic that reducing pain without loss of 
consciousness [4]. IBU is present on the market in a number of products in which it is either the 
only active substance or in combination with the other active ingredients or percipients (Table 1). 
Excretion of ibuprofen takes place almost completely via the urine. The World Health Organization 
(WHO) includes ibuprofen in its "Essential Drugs List" of minimal medical needs for a basic health 
care system [5]. The therapeutic dose of the drug is large (up to 1200 mg/d) and 70-80% of this is 
voided un-metabolized after use. Therefore, large proportion of ibuprofen is reaching to Wastewater 
Treatment Plants (WWTPs) with domestic wastewater. For example, the compound has been 
detected in Finnish surface water in concentrations up to 65ng/L, and in WWTP influents and 
effluents of 20ug/L and 4ug/L, respectively [6]. Many studies have shown that ibuprofen does not 
volatilize or sorbs to the sludge. The only main removal method of ibuprofen is therefore 
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biodegradation. The drug oxidizes to hydroxyl and carboxyl metabolites in WWTPs, and this often 
contributes to the high removal rates. Most of the drug biodegrades in the aeration tank during 
secondary treatment in a conventional WWTP with activated sludge. The total removal of ibuprofen 
in WWTPs can be up to 97% [6]. In spite of the fact that the drug has a high removal rate in 
activated sludge, it is still detected in environmental waters due to the high influent level [7,8,9]. It 
was discovered that ibuprofen was not degraded by the ammonia-oxidizing bacteria Nitrosomonas 
europaea, but it did degrade in nitrifying activated sludge. On the other hand, some studies have 
detected ibuprofen-degrading bacteria in WWTPs [13]. 


Table 1: The most properties of Ibuprofen (a. [10]; b. [11]; c. [6]; d. [12]; e. [7]. 


INCI Name Ibuprofen 
Chemical Name Benzeneacetic Acid, alpha-Methyl-4-(2-Methylpropyl)- 
Scientific name a-Methyl-4-[isobutyl] phenyl acetic acid 
Trade Names Advil, Children's Advil/Motrin, Medipren, Motrin, Nuprin, Pedia Care Fever. 
Molecular Formula Cı3H1802 
Molecular Weight 206.28082 g/mole 
Biodegradation Kpio 21-35 ° 23 +10” 6.8 +3.3 © 
Sorption coefficient log ka (00 EEO 0.9-1.4 ° 

e d 
Sorption potential log Kow ad: queue 3.5” 
Physical form Colorless, crystalline stable solid 

H 

Chemical structure 


In a laboratory experiment carried out at 17 + 1°C temperature, wastewater taken from a WWTP 
was spiked to certain levels of ibuprofen, and the biodegradation of the compound was tested in a 
batch system with MLSS concentration of 3.2g/L. The sludge used in the experiment had a sludge 
age of 11 + 1 days, and COD concentration of the influent wastewater was 275mg/L. The reaction 
rate constant described as kpio concerning their removal value were found as 21-35 L/gSS/d [10]. 
This value shows that Ibuprofen is highly biodegradable compound. The present study was aimed to 
investigate treatment performance of an laboratory scale EASP to remove IBU from wastewater. 


2. MATERIALS AND METHODS 


2.1. Activated Sludge Samples 

In the experiments, five aerobic batch bioreactors set in the laboratory were operated. The activated 
sludge samples were taken from the Gaziantep municipal WWTP, and inoculated to the bioreactors 
with volume of 5 L. The bioreactors were built from Plexiglas with cylindrical shape to ensure the 
distribution of the largest possible amount of air (Fig. 1). Bioreactors were operated for 3 months to 
acclimate microorganisms to the laboratory conditions, and to obtain sufficient biomass amount 
(MLSS) that needed for the study by feeding synthetic culture solution (Table 2). Five aeration 
pumps were used for getting the dissolved oxygen (DO) concentration of 4-5 mg/L. When MLSS 
concentration reached to 5000 mg/L, we started to add Ibuprofen by starting the lowest 
concentration of 0.01 mg/L. 
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Table 2: Composition of the synthetic wastewater added to the bioreactors 


Chemicals mg/L Company produced 
MgSO,.7H;0 60.9 Sigma-Aldrich® 
NaHCO, 218.8 Merck 

NH4CI 38.2 Tekkim 

Yeast extract 209.7 Merck 

Peptone 184.7 Sigma-Aldrich® 
CH3COONa.3H;0 130.8 Sigma-Aldrich® 
KH;PO, 35.1 Sigma-Aldrich® 
CaCl;.2H;O0 70 Merck 

NaHCO, 218.8 Merck 


2.2. Batch Reactor System and Daily Experiments 


Five aerobic batch reactors (A, B, C, D and control) were used in this study, and their treatment 
performances were investigated by measuring concentrations of COD, suspended solids (MLSS), 
SVI, DO and oxygen uptake rate (OUR). The reactors were operated for 52 h period under in the 
batch mode, and samples were collected at every 12 h time interval. The operational conditions of 
the bioreactors were shown in Table 3. All reactors have same conditions, but only HRT values 
were different. 


Air Pump 


Adding IBU 
with different 
conc. 


Figure 1: Schematic diagrams of the bioreactors used in study 


2.2.1. Sludge Volume Index (SVI) 


SVI is an indication of the sludge settle ability in the final clarifier. The common range for an SVI 
at activated sludge plant should be between 50 and 150 mL/g. SVI values were determined for each 
experimental according to Equation (1). 


1000 


mL . „mL 
SIE = settled sludge volume in) x miss Cy 


(1) 


2.2.2. Sludge Age 


Sludge age is one of the tools available to the operator to help maintain the desired amount of solids 
in the aeration tank. The common range for sludge age for a conventional activated sludge plant is 
between 3 and 15 days. Sludge age is computed by Eq (2): 
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Sluge Age (d) = E IS (2) 


Primary Eff.SS(y'1 


2.2.3. The Food/Mass Ratio (F/M) 


F/M is based upon the ratio of food fed to the microorganisms each day to the mass of 
microorganisms held under aeration. The F/M ratio is calculated as Eq. (3): 


Z= [pop (32) x Flow =] MLSS(“2)... (3) 


2.2.4. Oxygen Uptake Rate (OUR) Test 


The measurements of the respirometric results of the microorganisms have demonstrated to be a 
useful tool at wastewater treatment plants in many aspects. The OUR measurements can be 
performed with using simple equipment, and the data can be used for simpler characterization and 
process control [14]. We measured OUR values of microorganisms for bioreactors to determine 
biodegradability of ibuprofen as shown in Fig.2. 


2.3. Experimental methods 


All the experiments included soluble COD (5220 D. Closed reflux, Colorimetric method), MLSS 
and MLVSS (2540 G. Total, Fixed and Volatile Solids in Solid and Semisolid samples), TSS (2540 
D. Total Suspended Solids dried at 103~105°C), Dissolved Oxygen (DO) (4500-O G. Membrane 
Electrode method) and pH (4500-H* B. Electrometric method) were carried out according to the 
Standard Methods for Water and Wastewater Examination [15]. 


Figure 2. The measurement of OUR in the laboratory 
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Table 3: Operational conditions of the bioreactors 


Time (Months) 
Parameters 1-30 days (Avg) 30-60 days Avg.+SD 
(Avg) 
T°C 22 23 22.6+0.5 
pH 6.8 7.1 7.020.29 
TSS (mg/L) 360 343 351+59.4 
COD (mg/L) 667 560 615.2+90 
DO (mg/L) 4.0 4.1 4.0+0.26 
MLSS (mg/L) 4279 4390 3379+160 
MLVSS (mg/L) 2581 2767 2673+200 
SVI (mL/g) 93 90 91.5+5.84 
F/M (g COD/g MLSS/day 0.20 0.16 0.19+0.029 
OUR(mgO,/L.hour) 26 27 26.3+1.38 


2.4. Experimental evaluation for IBU 

EPA Method 1694 determines pharmaceuticals and personal care products (PPCPs) in 
environmental samples by High Performance Liquid Chromatography combined with Tandem Mass 
Spectrometry (HPLC/MS/MS) using isotope dilution and internal standard quantitation techniques. 
This method has been developed for use with aqueous, solid, and biosolids matrices (USEPA 2007). 
50 mL wastewater samples were taken from bioreactors after each experimental run, stored at 
refrigerator, and subsequently measured by HPLC. 


2.5. Chemicals and Reagents 

All reagents used in this study were analytical grade. Ibuprofen obtained from Merck (Germany, 
99% purity). Acetonitrile (ACN) and methanol for HPLC grade were purchased from Sigma- 
Aldrich® (United States), and phosphate buffer from Merck (Germany). Water obtained from Milli- 
RX apparatus (Millipore, USA) was used to prepare solutions and buffers which were filtered 
through 0.45 um Millipore filters prior to use. The sample solutions were filtered through 0.2 um 
Minisart® SRP15 Syringe Filters 17559Q (Orange Scientific, Waterloo, Belgium) before the 
injection into the chromatograph. 


2.6. Preparation of the Standards and Calibration Curves 
The IBU stock solution was prepared by ^ cane. 
dissolving 25 mg of pure IBU in 250 mL ' 71 


of ACN to achieve 100 ppm concentration 
after that calibration standards were 1.0 m 
prepared by dilution of IBU standard at P di 
the following concentrations: 0.1, 0.2, 0.5, 0.8 " di 
1, 2, 5 and 10 ppm (Fig. 2). All standards P d 
were kept at 3+ 1°C [16]. TS : P d 

0.2 -i 

E Pi 
n.n m 
ü.ü 0.5 1.0 1.5 2.0 2.5 3.0 E 


Area [*1 0^5] 
Figure 2: Calibration curve for Ibuprofen 
used in the HPLC measurements 
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2.5. The Solid Phase Extraction (SPE) 

Solid phase extraction was performed as described in Jones et al. (2003) using a Waters (Milford, 
USA) Sep-Pak Vacuum Manifold and a Compton vacuum pump from Dawson, McDonald & 
Dawson Ltd., (Ashbourne, United Kingdom). After centrifugation of samples which was pulled 
from bioreactors having different hydraulic retention times, isolated by solid phase extraction using 
3 mg Oasis hydrophilic-lipophilic balance cartridges (Waters, United Kingdom). The samples were 
pre-filtered through glass fiber filters (Scheicher and Schuell). The cartridges were preconditioned 
with 1 mL ACN and 1 mL of ultra-pure water. The liquid phase was drawn through a cartridge at a 
flow rate of approximately 5 mL a minute. When the sample had passed through, 4 mL of reagent 
grade (18.2 mQ) water (Millipore, Watford, UK) was used to rinse the solid phase, the cartridge 
was then dried by drawing air through it for 1 h. The cartridges were washed with 1 mL 5% 
methanol to remove any loosely bound contaminants, and then they were eluted with 2 mL ACN 
[17]. 


2.6. HPLC Analysis of Ibuprofen 

The wastewater samples were cleaned up using SPE, and then analyzed for ibuprofen by HPLC 
(Shimadzu LC 20 AT) equipped with a diode array detector (DAD), C18 Colum (250, 4.6 mm, 5 
um). The method summarized in Table 4 was developed as a part of this work. IBU with a purity of 
99% was used to produce HPLC standards [18]. The method was successfully applied to the 
determination of Ibuprofen in the samples. The chromatogram at 210 nm showed a complete 
resolution of all peaks (Fig. 3). 


m b 0. 1 WOW HW E B dE E 
a 
Figure 3. Detection of Ibuprofen by HPLC at different concentrations 
(a. 10 ppm, b. 5 ppm, c. 2 ppm) 
Table 4: The method used to determine IBU residues by HPLC 
Chemical Ibuprofen 
Mobil phase ACN:PB -60:40 
Flow rate (mL/ min) 1 
Total time (min) 5 
T (C?) 40 
Retention time (min) 2.8 
UV Detection (nm) 210 
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3. RESULTS AND DISCUSSION 


As stated before, the experimental study was set into five bioreactors operated under the same 
environmental conditions but at different HRTs. The objective of this research was to determine the 
ability of extended aerated activated sludge processes to remove more widely used pharmaceuticals 
products such as Ibuprofen. The effluent qualities and the activated sludge properties of the reactors 
are summarized in Table 5. 


Table 5. The Effluent quality and the sludge properties of EASP 


Reactor IBU 
Effective Volume (L) 5 

pH 7.06+0.29 
T (C) 22.6+0.5 
DO (mg/L) 4.03+0.3 
SRT (d) 20 

HRT (h) 12-52 
Effluent COD (mg/L) 615+90 
COD removal (%) 89 

TSS (mg/L) 351+59 
MLSS (mg/L) 3379+160 
MLVSS (mg/L) 2673+200 
MLVSS/ MLSS (%) 79.1 
Excess sludge (g/d) 0.49 

F/M Ratio 0.18+0.03 
SVI (mL/ g) 66.5+10 


3.1. The Sludge Volume Index Results of Bioreactors 


Sludge volume index of 100 mL/g is mostly known as the boundary value of sludge having well 
settling characteristic. All the reactors showed acceptable SVI for the extended activated sludge 
process. The highest SVI belonged to the control reactor of 100 mL/g while, the lowest one of 51 
mL/g belonged to the IBU reactor operated in HRT value of 52 h and 5 mg/L. 


3.2. MLSS Results of Bioreactors 


Microorganism concentration (MLSS and MLVSS) is important to know the effective performance 
of a biological processes. We investigated the effect of MLSS concentration in the reactors operated 
in high HRT value of 52 h, and IBU concentration of 1 mg/L (Fig. 4). As shown in Fig. 4, the high 
MLSS concentration affected the treatment performance of IBU especially in 5000 mg/L. 


3.3. Oxygen uptake rate (OUR) and COD Removal 


The OUR results indicated reverse relationship between oxygen uptake rate and chemical 
complexity/toxicity to the microorganisms. Because these microorganisms need more oxygen to 
convert the chemicals to simpler compounds. OUR results were in the range of 24-29 mgO»/L.h for 
control reactor at different HRT values of 12-52 h. These values were measured in the range of 29- 
41 mgO»L.h for IBU reactor of 1 mg/L. The effluent COD of the reactors decreased with increasing 
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HRT values. COD removal efficiency of the reactor operated at HRT of 12 h was found to be 47% while, 
this value increased to 85% when HRT was increased to 52 h. 


Removal efficiency of IBU ( 96 ) 


3000 3500 4000 4500 5000 
MLSS (mg/L) 


Figure 4. The removal efficiency (%) of IBU (1 mg/L) at different MLSS concentrations 


3.4. Ibuprofen Removal 


The percentage removal values of IBU for different HRTs were shown in Table 5. According to the 
results, it can be said that IBU was eliminated entirely during the experimental process with a 
biodegradation removal efficiency of 99.9% in 52 h. Ibuprofen has shown to be easily removed by 
the extended aeration active sludge reactor throughout the experiments. Ibuprofen has a low Ka 
value for secondary sludge (0.007+ 0.002) and the highest biological transformation rate (kpio=21- 
35) of the substances. This means that ibuprofen can be degraded by microorganisms and 
degradation products of ibuprofen can be created. 


Table 5. Ibuprofen removal efficiencies (96) of the reactors at different HRT values 


IBU (mg/L) HRT of reactors ( h ) 


a 
Ibuprofen Removal % 
L c9. j| 79: | o Soar |  999- | 
| 0 | 72 | 82 | 927 | 999 | 
| 0 | 700 | 798 | 890 | 999 | 
03 | o | o | nso | se | o9 | 
[9 eu 
[e | 3e | e | 35s | 890 — 
[oi aes 
o caso 
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4. CONCLUSIONS 


The results of the present study exhibited that extended aeration activated sludge reactor can be 
used for enhanced the removal of Ibuprofen. This may suggest that conventional wastewater 
treatment technologies are very efficient in completely removing of such bioactive compounds 
entering to aquatic environment and drinking water supplies. Although, the levels of detected 
pharmaceuticals in the treated water are quite low, the health risks associated with long term 
exposure to a large number of pharmaceuticals have to be kept in mind. 
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Abstract 


The sustainable degradation of municipal sludge (Biosolids) by co-complexation with phyto- 
chemical molecules with antioxidative activity such as polyphenols (PhOH) in alkaline pH under 
ambient O2 and temperature is investigated. Physicochemical and structural characteristics of 
complex (PhOH-Biosolids) are evaluated by UV/Vis diffuse reflectance spectroscopy (DRS) and 
thermogravimetric analysis (TGA). The comparative analysis among UV/Vis DRS spectra of PhOH 
and PhOH-Biosolids complex reveals significant differences. This method suggests a novel role of 
natural RhOH on the degradation, dewatering, and humification of wastes. 


Keywords: municipal sludge; degradation; phytochemical molecules; antioxidative activity 


1. INTRODUCTION 


Today, sewage sludge landfill disposal is not ideal and there is now increasing incentive to 
economically develop viable reuse and recycling options [1]. A significant amount of research has 
investigated processing sewage sludge to form new materials such as compost [2]. 

The management of wastewater sludge, now often referred to as biosolids, accounts for a major 
portion of the cost of the wastewater treatment process and represents significant technical 
challenges [3]. In many wastewater treatment facilities, the bottleneck of the sludge handling 
system is the dewatering operation [4]. Advanced sludge treatment processes such as thermal and 
thermochemical processes [5], or chemical oxidation using hydrogen peroxide [6] have been 
developed in order to improve sludge dewatering and to facilitate handling and ultimate disposal. 
These methods degrade extracellular polymeric substance proteins and polysaccharides reducing 
their water retention properties [7]. The use of sludge, as raw material for processing into new 
products such as compost requires the knowledge of the fundamental behaviour of properties and of 
components (organic and inorganic) of sewage sludge. Approximately 20% of the dry solids of 
sewage sludge is inert inorganic material and this forms the significant quantity of ash produced by 
sewage sludge incineration [8]. 

The phytochemical molecules with antioxidative activity such as polyphenolics (PhOH) 
represent compounds that have great importance in a wide range of physicochemical and biological 
processes in humification [9-10]. The UV/Vis spectrum, of these couples in aqueous solutions, is 
strongly dependent on pH, redox potential E^, Pb effect, numbers and position of substituents on the 
phenolic ring. Substituents such as carboxyl (-COOH) and hydroxyl (-OH) groups on the phenol 
ring can significantly influence the electron density “on the ring" and thus modify UV/Vis spectrum 
dramatically. The UV/Vis spectrum of the PhOH governs the reaction of PhOH with O, to form 
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free radical PhO'*[9-10]. At alkaline pH, the pK,'s of the PhOH are outstanding indicators of the 
electron density in the aromatic ring of the members of these triads (electrophilicity) and thus, are 
excellent tools to predict half-cell reduction potentials for both the one-electron and two-electron 
couples, which in turn allow estimates of rate constants for the reactions of these triads. 

The sustainable degradation of municipal sludge [7] (SL) by co-complexation with 
phytochemical molecules with antioxidative activity such as PhOH in alkaline pH under ambient O2 
and temperature is investigated. A molecular model which represents the above is the gallic acid 
(GA, 3,4,5-trihydroxylbenzoic acid). GA is a natural polyphenol which exhibits the most 
considerable antioxidant capacity in plants and a successful model for the radical properties of 
natural humic acid at pH>9 [9-10]. The sludge and GA are mixed, under ambient O2 and 
temperature at alkaline pH. The complex mechanism is controlled by UV-Vis spectroscopy and 
thermogravimetric analysis (TG). This method suggests a novel role for natural PhOH on the 
degradation, dewatering and humification of aqueous wastes with a friendly interaction with the 
environment, as opposed to incineration of sludge. 


2. MATERIALS AND METHODS 


2.1. Experimental setup 
Sewage sludge (Biosolids) at solid phase was collected from Kyparisia municipal wastewater 
treatment plant in plastic bags and brought to the laboratory. 


2.2 Reagents and solutions 


All experiments were performed with analytical grade chemicals. Stock, working, and standard 
solutions and their dilutions were prepared with ultrapure, Milli-Q water, produced by a Millipore 
Academic system (Millipore, Belford, MA). GA was obtained from Merck (purity > 98.5%, Nr. 
842649) and used without further purification. 


2.3 UV-Vis Diffuse Reflectance Spectroscopy (UV-Vis DRS). UV-Vis DRS measurements were 
carried with a Perkin Elmer instrument [11 ]. 


2.4. Thermo gravimetric analysis (TGA) 

TGA provides an effective alternative to chemical analysis for the chemical characterization of 
sludges [12-13]. TGA of the dry sludge produced in Kyparisia treatment plant in Greece was carried 
out under nitrogen atmosphere (flow rate: 200 mL/min) in a Perkin Elmer Diamond 
Thermogravimetric/ Differential Thermal Analysis (TG/DTA) apparatus. A quantity of the sample 
(about 10 mg) was placed in a platinum pan at room temperature. Initially the temperature was 
raised at 100°C and kept constant at this value until moisture removal and weight stabilization. 
After recording this weight as the initial one, the temperature was increased from 100 to 550°C at a 
heating rate of 10°C/min. The thermogravimetric (TG) curves were obtained by software. 


3. RESULTS AND DISCUSSION 


3.1 UV-Vis DRS analysis. 

The UV/Vis DRS spectra for Biosolids and (GA-Biosolids) complex are given in Figure 1, after 
one month incubation at pH>9. According to Fig. 1 the UV/Vis DRS spectra of Biosolids and GA- 
Biosolids show a wide range of bands in the range of 300-800 nm. After mixing among GA and 
Biosolids, the relative intensity of the bands increases due to the complexation among active groups 
of Biosolids and of GA species. 


13^ International Conference on Protection and Restoration of the Environment 145 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


200 300 400 500 600 700 800 
Wavelength (nm) 


Figure 1. UV-Vis diffuse reflectance spectra for (A) Biosolids and (B) GA-Biosolids 


3.2 TG and DTG analysis 
Fig. 2 shows the TGA profiles of Biosolids compounds and GA-Biosolids complex. The profiles 


were normalized according to the initial weight. A comparison among DTG curves showed that the 
"peak" of GA-Biosolids complex is shifted at higher temperatures compared to “peak” of Biosolids 
compounds. This shift shows evidence that active groups of the Biosolids compounds and GA- 


aromatic ring form a strong complex. 


Bios-Ga 


TG (mass?) 


350 400 450 500 550 600 650 700 750 800 850 
Temperature (K) 


Figure 2: TG (solid curves) and DTG (dotted curves) analysis of Biosolids 
and GA-Biosolids complex samples conducted in a nitrogen atmosphere. 
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CONCLUSIONS 


The interaction of phytochemical molecules with antioxidative activity such as PhOH with the 
Biosolids is a complex process involving adsorption reactions. A comparative analysis for Biosolids 
and GA-Biosolids complex reveals that the UV/Vis DRS spectra correspond to distinct reactions. 
These can be assigned to complexation of GA with part molecules of the water soluble extracellular 
polymeric substances of biosolids by free radicals mechanism. This method is proposed as an 
environmentally friendly alternative treatment for sludge as opposed to incineration. 
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Abstract 


The use of nano zero valent iron (nZVI) for groundwater and wastewater remediation is 
increasingly investigated by several authors thanks to its high potential to reduce heavy metals such 
as hexavalent chromium. ZVI nanoparticles prepared by conventional methods suffered several 
problems due to their high reactivity towards surrounding medium; to prevent aggregation and 
reactivity loss sodium carboxymethyl cellulose (CMC) was used as stabilizer. In this work the 
reduction capacity of nZVI-CMC colloidal nanoparticles was evaluated at 4 different FeO/Cr(VI) 
molar ratio (1.5, 2, 3, 5) through the treatment of different synthetic wastewater solutions (98 mg/L 
Cr(VI), 58 mg/L Cr(VI), 58 mg/L Cr(VI) and 8 mg/L NO3-, 58 mg/L Cr(VI) and 32 mg/L NO3-, 58 
mg/L Cr(VI) and 58 mg/L NO2-) investigating also the influence of other oxidizing species such as 
nitrate anions. It was possible to estimate the fast reduction thanks to a new method of reaction 
quenching, utilizing a strong base (NaOH 2M) after each sample withdrawal. The NO3- presence 
influenced the process producing a slight increase in the chromium reduction at low concentration 
(from 97.9 to 98.4 % at 1.5 FeO/Cr(VI) molar ratio) and a significant decrease with the increasing of 
the concentration (in the presence of 32 mg/L of nitrate the reduction of Cr(VI) decreased from 97.9 
to 92.4 % while in the presence of 58 mg/L of nitrate it decreased to 72.6 906). 


Keywords: nZVI; hexavalent chromium; CMC; nitrate; reaction quenching. 


1. INTRODUCTION 


Zero-valent iron (ZVI) particles have been widely applied to environmental remediation, both in 
soil and groundwater, thanks to its low-cost and ease of use; but due to its chemical and physical 
properties (large particle size, low specific surface area and short lifetime) the applications 
characterized by a remarkable efficiency have been limited mostly in shallow groundwater plumes 
[1]. In the last two decades the researchers focused their attention on the application of nano-sized 
zero valent iron particles (nZVI), which represents a more adaptable technology for polluted site 
remediation [2]. The use of nanoparticles grants an increase in the efficiency of the decontamination 
process mainly thanks to the larger specific surface area, high superficial activity and to the capacity 
to remain in suspension for long time with the possibility to be injected as colloidal suspension into 
contaminated zones [3,4]. Typically, nZVI are prepared by reducing Fe(II) or Fe(III) in an aqueous 
solution using a strong reducing agent (LiBH4, NaBHy4) appears most suitable because of its 
minimal use of environmentally harmful solvents and chemicals. However, due to their high surface 
area and high reactivity ZVI nanoparticles prepared using traditional methods tend to either 
agglomerate rapidly or react quickly with the surrounding media resulting in rapid loss in reactivity 
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(passivation of the surface) and mobility [5]. Among the three common methods to reduce these 
risks (second catalytic metal doping [6], chemical stabilization [7] and supporting [8]) the use of 
carboxymethyl] cellulose (CMC) as stabilizer represents the most used one. The molecules of CMC 
release Na* in aqueous solution, adsorb on to the surface of ZVI nanoparticles creating a negative 
charged layer which prevents the agglomeration thanks to repulsive forces [9]. Indeed this organic 
stabilizer reduces the toxicity of nZVI towards living organisms as bacteria and fungi [10,11], 
thanks to the low release of highly toxic reactive oxygen species (ROS) caused by iron corrosion 
[12,13]. 

Based on the work of Glavee et al. [14] ZVI nanoparticles were first used by Whang and Zhang 
[15] at Leigh University USA. Since then ZVI nanoparticles has been proven as significant 
effective for the removal/degradation of a wide range of chemical pollutants, including: chlorinated 
pesticides [16]; organophosphates [17]; nitroamines [18]; nitroaromatics [19]; inorganic anions [20] 
and heavy metals [21,22]. In particular among the various heavy metals, Cr(VI) exhibits high 
selectivity upon reaction with ZVI [2]. As reported [23], the removal efficiency of zero-valent iron 
ranked from top to bottom: As > Cr > Cu > Hg > Pb > Zn > Cd > Ni, whereas especially Cr(VI) can 
react with ZVI by more than one mechanism, i.e., reduction, adsorption, co-precipitation [24]. 
Hexavalent chromium is a priority pollutant in many countries [25]. Reduction of Cr(VI) to Cr(III) 
is desirable as the latter species is an essential nutrient for maintaining normal physiological 
function and also has a low mobility and bioavailability [26]. When Cr(VI), as chromate or 
dichromate anion, is reduced by nZVI, it precipitates as insoluble hydroxide or co-precipitates with 
Fe(III) in a mixed oxyhydroxide [27]. Several parameters influence the process, as pH, temperature, 
the presence of dissolved oxygen, the active surface area and stability of the nanoparticles and the 
presence and mobility of other ions. Especially the co-presence of nitrate may strongly affect the 
adsorption/reduction of dichromate ions by nZVI; depending on the NO; concentration, the rate 
removal of Cr(VI) in water could increase or decrease until the complete inhibition of the reaction. 
The contemporary presence of chromates and nitrates in groundwaters was observed in several 
agricultural contaminated land, in proximity of sites associated with metal plating, wood 
processing, leather tanning, metal corrosion inhibition, and pigment production [28]. The 
contemporary removal of these two chemical species in water by ZVI nanoparticles was not still 
investigated and the objective of this work is to study the effective influence of different 
concentrations of nitrate anions on Cr(VI) removal by colloidal CMC-ZVI nanoparticles, varying 
also the initial concentration of the contaminant. In addition a kinetic study was also reported. 


2. MATERIALS AND METHODS 


Sodium nitrate (NaNO3) and potassium dichromate (K2Cr207) were used as contaminant models in 
aqueous solution. Iron nanoparticles were synthesized by the reduction of Iron sulphate eptaidrate 
(FeSO4*7H20) with sodium borohydride (NaBH4), and carboxymethylcellulose (CMC) was used as 
dispersing agent in the ratio CMC/Fe?'-0.005 (mol/mol) according to previous studies [29]. This 
organic stabilizer reduces also the corrosion of iron nanoparticles by water and residual dissolved 
oxygen: 


Fe? + 2H;0 5 Fe” + H2 + 20H” (1) 
2Fe° + AH* + O; > 2Fe** + 2H;0 (2) 
FeSO,4*7H20 was used as the starting salt instead of the commonly used ferric cloride (FeCls3) 


because of its two main advanteges: the reduction of ferrous ions needs less borohydride and 
complexes formed by ferrous ions and CMC are more stable than the complexes formed with ferric 
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ones [29]. All the reagents were used without any purification and all the solutions were prepared 
with deionized water (DI). In brief, the synthesis was carried out in a 500 mL flask where nitrogen 
(N2) was purged during the entire preparation. 120 mL of a solution 0.04 M of Fe^*-CMC was 
prepared and 120 mL of a solution 0.08 M of BH4 was added drop wise to the previous one. No 
buffer systems were used during the preparation or during the experiments. Reaction mixture was 
shaken vigorously for an hour to let the gas evolution (hydrogen) ceased. The reduction of ferrous 
ions follows the main equation: 


2BH, + Fe(H20)^* > Fe? + 2B(OH); + 7H; (3) 


according to the neutral-alkaline pH measured (7.78) at the end of the synthesis. To promote the 
total reduction of ferrous iron, limited by the rapid hydrolysis of sodium borohydride favored at 
acidic pH [30], the molar ratio BH4/Fe?* was increased to 2.2. 


2.1 Experimental procedure 

Batch experiments examined the nitrate and Cr(VI) removal from aqueous solutions using ZVI 
nanoparticles. All tests were carried out on a shaker at 25°C in a 250 mL conical flask. Several 
solutions were prepared, which differed for NO3 and Cr(VI) initial concentrations: initially a nitrate 
solution (58 mg/L) and two dichromate solutions (58 mg/L and 98 mg/L of Cr(VI)) were tested to 
investigate the reaction kinetic of contaminants removal alone, using four increasing concentrations 
of nanoparticles (0.15, 0.2, 0.3, 0.5 g/L which correspond to nZVI/Cr(VI) molar ratio equal to 1.5, 
2, 3 and 5 respectively); subsequently three mixed nitrate-dichromate solutions were prepared (8 
mg/L NO; + 58 mg/L Cr(VI); 32 mg/L NO; + 58 mg/L Cr(VD, 58 mg/L NO; + 58 mg/L Cr(VD)) 
and tested using a 0.15 g/L solution of ZVI nanoparticles. Nitrogen was purged inside the reactor 
during the treatment and the reaction mixture was continuously shaken without any pH control. At 
various time intervals (0, 1, 2, 3, 4, 5, 10, 15, 30, 45, 60 min) a sample of 2 mL was withdrawn, 
subsequently 3 mL of the NaOH (2 M) solution were added and the diluted sample was filtered 
through a 0.45 um Whatman membrane filter. Anion concentrations were measured by ion 
chromatography (Dionex ICS — 1100), Cr(VI) concentration was determined using the 1,5 
diphenylcarbazide colorimetric method at 540 nm with using a UV-visible spectrophotometry 
(T80+, PG Instruments, Ltd.). All the experiments were carried out in triplicates to ensure 
repeatability. 


3. RESULTS AND DISCUSSION 
3.1 Effect of nZVI concentration and comparison between nitrate and Cr(VI) treatments 


Results of Cr(VI) and NO; reduction at the end of the treatment (60 min) are reported in 
Figures 1 and 2 respectively. 

As it is possible to observe, a slight increase in the Cr(VI) reduction occurred increasing the 
amount of reducing agent used and decreasing the initial concentration of the pollutant. The latter 
phenomena was due to an overload of the active sites caused by the higher amount of dichromate 
anions in the solution (similar phenomena has already been observed in TCE degradation by nZVI 
BID. 

As showed in Figure 2, the increase in nitrate removal percentage with the increase of nZVI 
amount used is higher than the increase obtained for the Cr(VI) removal. It is not possible to make a 
comparison, at fixed nZVI amount used, between the anions removal. In fact, according to the 
following equations [4], the stoichiometric ratio between reducing/oxidizing agent is different for 
the two chemical species: 


150 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Cr (VI) removal (96) 


99 
98,5 
98 
97,5 
97 
96,5 98 mg/L 
0.15 g/L 


0.2 g/L 58 mg/L 
0.3 g/L 


0.5 g/L 


Figure 1. Comparison between Cr(VI) removal values at different nZVI amount (60 min). 
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Figure 2. Comparison between NO; removal values at different nZVI amount (60 min). 


3Fe? + C,07*  7H;0 5 3Fe** + 2Cr(OH); + 80H: (4) 
4Fe? + NO; + 10H* — 4Fe** + NH4* + 3H;O (5) 


in which it is possible to observe a stoichiometric molar ratio (nZVI/Cr(VI)) equal to 1.5 for the 
Cr(VI) and a higher value (nZVI/NO3), equal to 4, for the nitrate anion. It means that the 
stoichiometric amounts of nZVI for Cr(VI) and NO3, according to the initial concentration of 98 
mg/L and 58 mg/L of Cr(VI) and NO; respectively, is roughly 0.15 g/L for Cr(VI) and 0.2 g/L for 
NO3. Therefore, focusing on the efficiency of the two treatments, it is possible to say that nZVI is 
more suitable for hexavalent chromium reduction than that for nitrate one. The test carried out on 
nitrate wastewater were prolungated until the asympthotic value was reached (120 min). Figure 3 
displays the NO; percentage removal values at 120 min. 
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Figure 3. Comparison between NO; removal values at different nZ VI amount (120 min). 


As showed in the Figure 3, the maximum percentage removal value obtained for a 
stoichiometric amount is equal to 43.4 96, respect to the 97.9 % obtained for the Cr(VI) removal. 


3.2 Influence of nitrate presence on hexavalent chromium reduction 


The same treatments were carried out on mixed synthetic wastewater, fixing the nZVI amount used 
to 0.15 g/L (Figure 4). 
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Figure 4. Results of Cr(VI) removal in the presence of increasing amount of nitrate anions. 


In Figure 4 it is possible to observe the influence of the presence of nitrate anions on the Cr(VI 
reduction by nZVI. According to previous studies [1] based on the concentration of co-existing 
anions in the treated solution, mainly two processes could occur: an increase in the ionic strength of 
the solution and a competition with dichromate anions for the active sites of the surface of nZVI. In 
the first treatment, the little amount of nitrate (8 mg/L) is not enough high to let nitrate anions 
(which are smaller and which are monovalent) compete with dichromate anions; thus the slight 


152 13^ International Conference on Protection and Restoration of the Environment 


Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 
C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: 978-960-6865-94-7 


increase in the Cr(VI) removal (97.9 96 to 98.4 96) was explained through the increase in the ionic 
strength of the solution, according to the following equation: 


1=0.5 Zez (6) 


where I (mol/L) is the ionic strength of the solution, c; and z; are the molar concentration and the 
charge of ion i. Subsequently in the second and third treatment a significant decrease in the Cr(VI) 
reduction occurred (from 97.9 % to 92.4 % and to 72.6 96 in the presence of 32 mg/L and 58 mg/L 
of nitrate respectively) due to the large amount of competitive anions for the active sites of nZVI. 
This competitive mechanism was confirmed by the co-reduction of nitrate anions observed in the 
last two treatments, as showed in Figure 5, where it is possible to observe that the nitrate reduction 
occurred following the same trend of the Cr(VI) reduction, which is in contrast with the trend 
observed on the nitrate reduction alone (Figure 6) that follows a pseudo-first-order reduction 
kinetic, as reported by previous work [4]: 


Ln[(NO;)] = Ln[(NO3 )o] - kot (7) 


where (NO3 )o (mg/L) is the initial nitrate concentration, t (min) the contact time and Kobs (min) is 
the observed rate constant of the pseudo-first-order reduction kinetic. 

It could be explained taking into account the rapid passivation of the active surface of the ZVI 
nanoparticles due to the formation of the Fe(II) hydroxide, mixed Fe(IID)-Cr(III) oxy-hydroxide 
and Cr(II) hydroxide which occurred during the reduction reaction of Cr(VI) [37]. This fast step is 
due to the as much quick reduction of Cr(VI), which, in the presence of a significant amount of 
nitrate, occurs at the same time with the nitrate reduction, producing a competitive mechanism 
between the two chemical species (characterized by a similar redox potential E?, 1.32 V for nitrate 
to ammonia [32] and 1.36 V for Cr(VI) to CrdII) [33]) which grants a partial reduction of the 
nitrate specie and a higher reduction of Cr(VI) which follows a remarkable passivation of the active 
surface of the reducing agent; this last phenomena inhibits the well-known continuous nitrate 
reduction. 
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Figure 5. Results of nitrate removal at fixed amount of Cr(VI) and nZVI. 
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Figure 6. Results of nitrate removal at fixed amount of nZVI. 


4. CONCLUSIONS 


The reduction of hexavalent chromium performed using colloidal CMC-ZVI nanoparticles proved 
to be fast, efficient and it strongly depends on the characteristics of the external medium, the 
characteristics of the nanoparticles and the co-existence of other oxidizing species. As already 
reported the nitrate reduction follows a pseudo-first-order kinetic whereas the mechanism of 
chromium reduction seems to be more complex. It proceeds initially very quick, reducing almost 
the whole amount of Cr(VI) in the first minute to then slows down until the asymptote achievement 
and the total passivation of the active surface of the nanoparticles. When the co-existence of the two 
species occurred, the reduction kinetic of Cr(VI) suffered a worsening or an enhancement 
depending on the concentration and physic-chemical characteristics of the other anion (NO). In 
particular it was observed that a small concentration (8 mg/L) of nitrate produced a slight increase 
in the Cr(VI) reduction (from 97.9 to 98.4 % at 1.5 Fe/Cr(V1) molar ratio) thanks to the increase of 
the ionic strength of the solution, whereas a higher initial nitrate concentration caused the 
establishment of a competitive mechanism for the active sites of the reducing agent by the two 
oxidizing species, which produced a decrease in the efficiency of the Cr(VI) reduction (in the 
presence of 32 mg/L of nitrate the reduction of Cr(VI) decrease from 97.9 to 92.4 96 while in the 
presence of 58 mg/L of nitrate it decreased to 72.6 96). The reported study allow to state in any case 
the selectivity of nZVI for the dichromate reduction, which shows a remarkable efficiency also in 
the presence of the same initial concentration of another active oxidizing specie as NO3. 
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Abstract 


The sorption efficiency of biochar fibres regarding the removal of hexavalent uranium [U(VI)] from 
aqueous solutions has been investigated by batch experiments, as a function of various 
physicochemical parameters and Fourier transform infrared spectroscopy (FTIR). The biochar 
fibres have been prepared from the sponge of Luffa cylindrica through thermal treatment and they 
were activated after chemical treatment of the fibres with 8 M HNO; for 3 h. The experimental 
results show that even under strong acidic conditions (1 < pH < 2) the relative sorption of the fibres 
is above 8096 while the optimum pH range lies between 5 and 7. The activated biochar fibres 
obtained from Luffa cylindrica show increased sorption capacity for U(VI) (qmax= 92 g-kg )) even at 
pH 3, which is attributed to the formation of inner-sphere complexes with the surface carboxyl 
groups of the bio-sorbent. The formation of the inner-sphere complexes is indicated by the effect of 
ionic strength and it is proven through FTIR spectroscopy. 


Keywords: uranium; waters; activated biochar fibres; sorption capacity; FTIR spectra 


1. INTRODUCTION 


Uranium is a ubiquitous natural element with an average concentration in earth's crust of about 3 
mg.:kg' and 3 mg:kg' in oceans [1]. Additionally, it is the second heaviest naturally occurring 
radioactive element [2]. Nevertheless, pollution of the environment with uranium and associated 
health effects have recently become of major concern, particularly due to the use of depleted 
uranium in military applications [3]. Uranium in environmentally relevant concentrations is found 
near to uranium mining and processing facilities and usually involves large volumes of wastewater. 
Cost effective remediation technologies (e.g. ion exchange, reduction, reduction followed by 
chemical precipitation, electrochemical precipitation, biosorption and adsorption) are required for 
the removal of uranium from such large volumes of wastewater [2]. 

Amongst the previous technologies, adsorption with activated carbon and biochars is more 
attractive for the removal of heavy metal ions, such as U(VI) and the treatment-purification of 
waters, because of their large surface area and the high affinity of their surface groups for 
polyvalent metal ions. However, the relatively high production costs make the use of activated 
carbon impractical for the treatment of large quantities of wastewater. On the other hand, biomass, 
which is abundant in nature or is produced in large quantities as a by-product or waste from 
agricultural activities, could be a viable source for biochars production. 

Lingocellulosic materials are suitable for conversion into activated carbon because of their high 
hardness and density, which render them as far better precursors. Moreover, the efficiency of the 
materials can be enhanced by oxidizing the surface of the carbon in order to increase the number of 
the surface active sites (e.g. carboxylic and phenolic groups). 
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The present study deals with the sorption of hexavalent uranium [U(VI)] by activated biochars 
prepared from Luffa cylindrica fibres. Because of their fibrous structure Luffa cylindrica fibres as 
precursor material, are expected to result in a relatively robust, low-cost product with large external 
surface available for sorption [4]. The sorption of U(VI) on the activated biochars was curried out 
by conventional batch experiments and was investigated by FTIR spectroscopy in order to better 
characterize the surface-bound species and evaluate the thermodynamic parameters (e.g. Kd, AG, 
AH and AS), which are of fundamental importance for both the assessment of the chemical behavior 
of uranium in heterogeneous aquatic systems and the development of water treatment technologies 
related to (radio)toxic metal ion removal. 


2. MATERIALS AND METHODS 


2.1 Chemicals and materials 


All experiments were performed at room temperature (23 + 2 °C) under normal atmospheric 
conditions in 0.1 M NaCIO, aqueous solutions. The preparation of the test solutions was carried out 
by dissolution of an appropriate amount of a U(VI) stock solution (0.1 mol-L'!) in the desired 
aqueous solution. The U(VI) stock solution (0.1 moLL') was prepared by dissolution of 
UO2(NO3)2:6H2O in distilled water. The adsorbent used in this study was activated biochar 
prepared from Luffa cylindrica fibres, which were separated from the seeds inside the dried 
sponges. 


2.2 Preparation and characterization of the activated biochar prior and after the [U(VD] 
sorption 


Luffa cylindrica fibres were collected from a local Luffa cylindrica field. The fibres were thermally 
treated for 1h at 700 °C under nitrogen to obtain the carbonized product (biochar). Activation took 
place by suspending the carbonized product in concentrated nitric acid (8 M HNOs) for 3 h at 80°C 
(reflux under continuous stirring). Then the product was washed several times with distilled water 
and the neutralized material was dried in the oven at 100 °C. The dried activated biochar was 
ground, then the ground product was sieved and the particle fraction between 200 and 500 um was 
selected for the adsorption experiments. 

The characterization of the activated biochar prior and after U(VI) sorption was performed by 
Fourier transform infrared spectroscopy (FTIR spectrometer 8900, Shimadzu). FTIR measurements 
were performed by means of translucent KBr disks including finely ground biomass, at a 10:1 mass 
ratio. In addition, acid/base titrations were performed to study the acid/base behaviour and 
determine the proton exchange capacity of the activated biochar. That said, suspensions of 0.05 g 
activated biochar in 20 mL distilled water, were titrated with a pH meter (Hanna Instruments) 
equipped with a glass electrode by adding small aliquots of 0.1 mol-L'! NaOH until the desired pH 
was reached. Similar acid/base titrations were also performed with distilled water samples. 


2.3 Adsorption studies 


Adsorption studies were conducted by means of batch-equilibrium experiments in polyethylene 
(PE) screw-cap bottles containing a certain amount of biochar (0.01 g) in contact with 30 mL of an 
aqueous U(VI) solution of known total U(VI) concentration. The test solutions containing the 
mixture of the metal ion and the activated biochar were shaken in a thermostated orbital shaker (at 
100 rpm) for 24 hours to assure that equilibrium had been reached. The effect of pH was studied in 
the pH range between 1.5 and 8, at constant U(VI) concentration ([U(VI)], = 5- 10* mol-L") in the 
suspension and at room temperature (T = 23 + 2 °C). The pH was adjusted by addition of 0.1 mol- L7 
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! NaOH or 0.1 HCIO, mol: L!.For studying the effect of initial U(VI) concentration, the latter was 
varied between 10? mol-L'! and 9-10? mol-L” in the test suspensions, at pH 3 and 5.5. The effect 
of temperature was studied between 30 and 70 °C using test suspensions (0.01 g biochar in 30 mL 
solution, [U(VI)], = 5- 104 mol- L`’) at pH 3 and 5.5. For the kinetic studies certain amount of the 
activated biochar (0.03 g) was mixed with 100 mL of U(VI) solution ([U(VI)], 5- 10* mo. L'!, T= 
23 + 2 °C) at pH 3 and 5.5 and the metal concentration was determined at regular time steps. 
Finally, the effect of ionic strength was studied in the range between 0.001 and 1 M using test 
suspensions (0.01 g biochar in 30 mL solution, [U(VD], = 5-10^ mo--L'!, T = 23 + 2 °C) at pH 3 
and 5.5. As background electrolyte for ionic strength adjustments NaCIO, solutions were used. 

The analytical U(VI) concentration in the test solutions was determined spectrophotometrically 
(UV 2401 PC Shimadzu) by means of arsenazo-III, according to a previously described method [5]. 
Prior to concentration determination the test solutions were filtrated using 450 nm membrane filters. 
pH measurements were performed by a commercial glass electrode (Sentek), which was calibrated 
prior and after each experiment using a series of buffer solutions (pH 2, 4, 7 and 10, Scharlau). For 
each test solution, a corresponding reference solution was prepared and was similar to the test 
solution except that it didn't contain the adsorbent material. 

The relative amount of U(VI) adsorbed was determined using the Equations 1 and 2: 


(IU VD], -IUCVDI,) 


rel. adsorption?6 — 1001 | (1) 
[UCD], 
K, = (IUCVD], -[UCVD],, ) wv (L-kg) (2) 
[UCVD],, 
(2) 


Where: [U(VI)]o is the total uranium concentration (mol-L'!) in the system or in the reference 
solution, [U(VI)]a, is the uranium concentration (mol-L”') in the test solution, V (L) is the volume 
of the test solution and m (kg) is the mass of the adsorbent. 


Furthermore, the Kg values have been used together with the linear form of the Van’t Hoff equation 
(Equation 3) and the Gibbs free energy isotherm equation (Equation 4) to estimate the 
corresponding thermodynamic data [6]. 


0 0 
nK, = 22 4 X (3) 
AG' = -RITOnK, (4) 


2.4 Data analysis and uncertainty 


All experiments were performed in triplicate and the data are presented as mean + standard 
deviation. The uncertainty of the values was generally below 10% and is basically attributed to the 
error associated with analytical method used (e.g. spectrophotometry using arsenazo-III). The 
analytical error was determined by the method calibration performed daily using seven reference 
solutions of various analyte concentrations. Differences between the means of two groups were 
analyzed by Student's t test at 95% confidence level. Generally, data analysis and plotting of 
diagram was performed using Kaleidagraph, a graphing and data analysis software. 
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3. RESULTS AND DISCUSSION 


3.1 Characterization of the activated biochar prior and after U(VI) sorption 


Figure 1 shows the acid/base titration curves corresponding to aqueous suspensions of the activated 
biochar, as well as the acid/base titration of distilled water. The titration curve corresponding to the 
activated biochar differs significantly from the titration curve of distilled water indicating the 
presence of acidic groups on the surface of the activated material. Moreover, the inflection point of 
the titration curve enables the evaluation of the proton exchange capacity associated with oxygen- 
containing acidic surface functional groups. The proton exchange capacity has been evaluated to be 
5.4 x 03 meq: g". 


=O 
ee - Luffa AC 


V (0.1 M NaOH) / (ml) 
Figure 1. Acid/base titration curves of the activated biochar and distilled water. 


Figure 2 shows the FTIR spectrum of the activated biochar prior to U(VI) sorption. The spectrum 
shows characteristic IR absorption bands at 3405 cm’, 1717 cmt, 1599 cm! and 1220 cm’, which 
are attributed to -OH stretching vibrations, carbonyl stretching vibrations, carboxylic acid 
antisymmetric stretching vibrations and carboxylic acid bending vibrations, respectively [7]. 
Therefore, the FTIR spectrum of the activated material indicates clearly that HNO; activation 
results predominantly in the formation of carboxylic moieties on the carbonized fibre surface. 
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Figure 2. IR spectrum of the activated biochar. 
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Figure 3 shows FTIR spectra of the activated biochar with decreasing U(VI) sorbed on the 
material at pH 3. According to Figure 3 there is a remarkable change in the IR spectra and 
particularly at wavenumbers corresponding to carbonyl stretching (1726 cm’), carboxylic acid 
antisymmetric stretching (1596 cm) and carboxylic acid bending vibrations (triple peak between 
1145 and 1080 cm). Moreover, the intensity of the peak at 930 cm! increases with increasing 
concentration of the sorbed U(VI) and indicates clearly that this peak corresponds to the stretching 
vibration of the O=U=O moiety [8]. In addition, the relative decrease of the band at 1726 cm’ with 
increasing U(VI) concentration indicates direct interaction between U(VI) and the carboxylic group 
and the formation of inner-sphere complexes. Assuming only sorption of monomeric species on the 
biochar surface and taking into account the species distribution of hexavalent uranium under the 
given conditions, the sorption reaction can be described schematically by Equation 5 [9-11]: 


O 2 0.07 
Zz MU Ul uem | 
R—C + SUS == R—C UŚ + Hj0* 
‘oH ^^ ‘ow i i (5) 


pH 3 
[U( VI)] /(mol L-!) 


1726 cnr! 


T (96) 


Wavenumber / cm! 


Figure 3. IR spectra of the activated biochar after U (VI) sorption at pH 3 
and varying uranium concentration. 


The corresponding FTIR spectra at pH 5.5, which are shown in Figure 4, indicate that the 
sorbed species formed in the near neutral pH suspensions are very similar to the species formed 
under acidic conditions. Specifically, the characteristic peak of the O=U=O stretching vibration is 
shifted to lower wavelengths (~ 10 cm’). This shift could be attributed to the formation of a neutral 
surface species due to the de-protonation of a U(VI)-coordinated water molecule with increasing 
pH, as schematically described by Equation 6. 


R c Pe R c ie 
— Tl s — T]— T + 
No T "o" i. OH + H3O (6) 


With increasing pH the neutral surface species which is formed is expected to be more stable 
than the corresponding charged species. Furthermore, at pH 5.5 and total U(VI) concentration above 
1x10^ mol-L' the uranium solution becomes oversaturated and besides U(VI) sorption the 
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formation of a U(VI) yellow solid phase is observed. Based on the FTIR spectra obtained and the 
physic-chemical conditions, the solid phase formed is assumed to be UO;(OH), [8]. 


pH 5.5 
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Figure 4. IR spectra of the activated biochar after U (VI) sorption at pH 5.5 
and varying uranium concentration. 


3.2 Adsorption studies 


3.2.1 Effect of pH 
According to the FTIR spectra of the activated biochar the binding of UO,” on the activated 
biochar occurs through complexation by the carboxylic moieties found on the activated biochar's 
surface. Hence, the chemical behaviour of U(VI) in solution and the surface charge of the adsorbent 
are important parameters affecting the relative adsorption. The solution pH governs both the 
chemical behaviour of the metal ion in solution and the surface charge of the adsorbent and 
therefore it strongly affects the sorption on surfaces. To study the effect of pH on the U(VI) 
sorption, samples of the activated biochar were conducted with U(VI) solutions at different pH 
values (1.5 < pH « 8). 

The effect of pH on the relative adsorption of U(VI) by the activated biochar is shown in Figure 
5. According to this figure the relative removal increases with increasing pH and reaches a 
maximum value (~ 95%) in the pH range between 5 and 7.5. At higher pH values U(VI) removal is 
reduced because of the formation of anionic hydroxo or carbonate uranium complexes in solution 
[12]. For pH values below 5 the relative adsorption decreases with pH and its value becomes about 
80% for pH 1.5. At pH < 6, U(VI) is basically present in the form of positively charged aqueous 
species [9, 10] and the surface negatively charged, consequently, the sorption of the metal ion is 
governed by cation exchange reactions. However, with decreasing pH the surface charge is 
gradually neutralized resulting in lower removal efficiency. Nevertheless, even at pH 1.5 the value 
of the relative removal is remarkable (~ 80%) suggesting that the activated biochar could be 
effectively used for the removal of U(VI) even from acid water solutions. 


3.2.2 Effect of the initial U(VI) concentration 

In order to evaluate the maximum sorption capacity (qmax), adsorption experiments with varying 
U(VI) concentrations have been performed at pH 3 and pH 5.5. The corresponding isotherms are 
graphically shown in Figures 6a and 6b and indicate that activated biochar derived from Luffa 
cylindrica fibres presents increased adsorption capacity for U(VI). The surface saturation is reached 
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Figure 5. Effect of pH on the U(VI) sorption on activated biochar (0.01 g of biochar, 
[U(VD], = 5-10^ mol-L"',1 = 0.1 mol-L'! NaCIO,, T = 23 + 2 °C, 24 h of reaction time). 


for pH 3 at 0.3 mol-kg! (qmax= 92 g-kg ') and at higher concentrations of the metal the relative 
sorption increases dramatically suggesting surface polymerization. The uranium concentration in 
solution is below the concentration defined by the solubility and as a result, no precipitation is 
expected [9, 10]. The adsorption data prior polymerization are well fitted by the Langmuir isotherm 
model (R = 0.95), indicating different types of interaction between the surface active groups and the 
U(VD) cations [13, 14]. Regarding the experimental data at pH 5.5, there is no clear indication for 
surface saturation because the solubility product is being rapidly exceeded and for [U(VI)]; = 1 x 
10? mol-L” precipitation of UO;(OH), as separate yellow solid phase is observed [8, 10]. Hence, 
the experimental data cannot be fitted by adsorption isotherms. 

The experimental data clearly shows that the activated biochar derived from Luffa cylindrica 
fibres presents, even at pH 3, significantly higher adsorption capacity compared to activated 
biochars obtained from other biomass by-products (0.4 g-kg! < qmax < 271 gkg’) [15, 16]. This 
high adsorption capacity of the activated biochar is attributed to the fibrous vascular system of Luffa 
cylindrica, which provides to the sorbent extended surface for relatively rapid fluid exchange and 
increased sorption capacity [17]. 


4 30 
(a) | (b) 
pH3 f pi 4 | 24 
Sie 5D 
4 
AM 18 


q (mol kg 4 
N 
T 
i 

q (mol kg 1) 


/ 
— = 


i I 
0 3 106 6 106 9 106 1.2 105 1.5 105 0 6105 1.2 104 18104 24104 3107 


C, (mol ry C, (mol ry 


Figure 6. Adsorption isotherms of the U(VI) sorption on activated biochar at 
(a) pH 3 and (b) pH 5.5 (0.01 g of biochar, [U(VI)], = 1-10? - 9:10? mol-L"', 12 0.1 mol-L" 
NaCIO,, T = 23 + 2 °C, 24 h of reaction time). 
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In addition, according to the kinetic data, which were conducted at both pH 3 and pH 5.5, 
equilibrium occurs within the first 40 and 10 minutes, respectively. 


3.2.3 Effect of temperature 

The effect of temperature on U(VI) sorption on the activated biochar Luffa cylindrica fibres was 
investigated to estimate the corresponding thermodynamic data based on the linear form of the 
Van't Hoff equation [6]. Evaluation of the data revealed that the thermodynamic of U(VI) 
adsorption on activated biochar is different at the two pH regions (Figure 7). Moreover, the sorption 
is favoured with decreasing temperature (exothermic process, AH°= -0.4 kJ-mol'; AS°= 87.3 J-K 
'- mol!) at pH 5.5, while, at pH 3 U(VI) adsorption seems to be an endothermic process (AH°= 5.1 
kJ. mol; AS°= 103.9 J-K ' mol). Therefore, indicating that the sorption mechanisms in the two pH 
regions are slightly different. Nevertheless, in both cases entropy is the driving force for uranium 
adsorption by the biochar fibres. 
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Figure 7. InKg as a function of temperature corresponding to U(VI) sorption on activated biochar 
at pH 3 and pH 5.5 (0.01 g of biochar, [U(VI)], = 5-10 mol-L”, I = 0.1 mol- L NaCIO,, 
24 h of reaction time). 


3.2.4 Effect of ionic strength 

Furthermore, the effect of ionic strength on the relative sorption of U(VI) was investigated, in order 
to understand the interaction mechanisms between U(VI) and the surface functional groups of the 
bio-sorbent, at pH 3 and pH 5.5. According to the experimental data presented in Figure 8, the 
relative sorption of U(VI) is almost not affected by increasing salinity at both the pH regions, 
indicating specific interactions between U(VI) and the surface carboxyl groups. The specific 
interactions could be attributed to the predominance of inner-sphere complexes [14]. This is in 
agreement with the FTIR results. 
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Figure 8. % relative adsorption as a function of ionic strength corresponding 
to U(VI) adsorption on activated biochar at pH 3 and pH 5.5 (0.01 g of biochar, 
[U(VD], = 5-107 mol-L!, I = 0.1 mo L! NaCIO,, T = 23 + 2 °C, 24h of reaction time). 


4. CONCLUSIONS 


In this study, activated biochar produced from Luffa cylindrica fibres has been used to remove 
U(VI) from aqueous solutions. The results indicate that the material presents high sorption capacity 
even in acidic solutions (Qmax= 92 gkg’, at pH 3) and increased chemical affinity for U(VI), which 
is attributed to the fibrous vascular system of Luffa cylindrica and the carboxylic moieties present 
on the surface. FTIR spectroscopic measurements, as well as effect of ionic strength results prove 
the formation of inner-sphere complexes between the carboxylic surface moieties and U(VI). The 
material could be a very attractive candidate for the effective removal of uranium from natural 
waters (e.g. seawater) and heavily contaminated industrial wastewaters. 


References 


[1] Choppin G.R., 2007. Actinide speciation in the environment. Journal of Radioanalytical and Nuclear 
Chemistry, 273(3), 695-703. 

[2] Mishra S., Dwivedi J., Kumar A., Sankararamakrishnan N., 2015. Studies on salophen anchored micro/meso 
porous activated carbon fibres for the removal and recovery of uranium. RSC Advances, 5(42), 33023-33036. 

[3] Burkart W., Danesi P.R., Hendry J.H., 2005. Properties, use and health effects of depleted uranium. International 
Congress Series, 1276, 133-136. 

[4] Mazali LO., Alves O.L., 2005. Morphosynthesis: high fidelity inorganic replica of the fibrous network of loofa 
sponge (Luffa cylindrica). Anais da Academia Brasileira de Ciéncias 77(1), 25-31. 

[5] Khan M.H., Warwick P., Evans N., 2006. Spectrophotometric determination of uranium with arsenazo-III in 
perchloric acid. Chemosphere, 63(7), 1165-1169. 

[6] Atkins P., De Paula J., 2010. Physical Chemistry, Oxford University Press, UK. 

[7] Chen X., Chen G., Chen L., Chen Y., Lehmann J., McBride M.B., Hay A.G., 2011. Adsorption of copper and zinc 
by biochars produced from pyrolysis of hardwood and corn straw in aqueous solution. Bioresource 
Technology, 102(19), 8877-8884. 

[8] Wruck D.A., Brachmann A., Sylwester E.R., Allen P.G., Palmer C.E.A., 1999. Sorption of Np(V) by U(W) 
Hydroxide Solids UCRL-JC-135791. Livermore, California: Lawrence Livermore National Laboratory. 

[9] Baes C.F., Mesmer R.E., 1976. The Hydrolysis of Cations, Wiley, New York. 

[10] Pashalidis L, Buckau G., 2007. U(VI) mono-hydroxo humate complexation. Journal of Radioanalytical and 
Nuclear Chemistry, 273(2), 315-322. 

[11] Zhang Z., Helms G., Clark S.B., Tian G., Zanonato P., Rao L., 2009. Complexation of uranium (VI) by gluconate 
in acidic solutions: a thermodynamic study with structural analysis. Inorganic Chemistry, 48(8), 3814-3824. 


13" International Conference on Protection and Restoration of the Environment 165 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


[12] Maher K., Bargar J.R., Brown Jr. G.E., 2012. Environmental speciation of actinides. Inorganic Chemistry, 52(7), 
3510-3532. 

[13] Prodromou M., Pashalidis I., 2013. Copper (II) removal from aqueous solutions by adsorption on non-treated and 
chemically modified cactus fibres. Water Science & Technology, 68(11), 2497-2504. 

[14] Prodromou M., Pashalidis I., 2013. Uranium adsorption by non-treated and chemically modified cactus fibres in 
aqueous solutions. Journal of Radioanalytical and Nuclear Chemistry, 298(3), 1587-1595. 

[15] Ai L., Luo X., Lin X., Zhang S., 2013. Biosorption behaviors of uranium (VI) from aqueous solution by sunflower 
straw and insights of binding mechanism. Journal of Radioanalytical and Nuclear Chemistry, 298(3), 1823-1834. 

[16] Caccin M., Giacobbo F., Da Ros M., Besozzi L., Mariani M., 2013. Adsorption of uranium, cesium and strontium 
onto coconut shell activated carbon. Journal of Radioanalytical and Nuclear Chemistry, 297(1), 9-18. 

[17] Demir H., Top A., Balkose D., Ulku S., 2008. Dye adsorption behavior of Luffa cylindrica fibers. Journal of 
Hazardous Materials, 153(1), 389-394. 


166 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Toxicity assessment of fur-suede processing wastewater treated 
with different coagulants 


G. Yildiz Tore”, G. Kaykioglu 


Department of Environmental Engineering, Namık Kemal University, 59860, Çorlu, Tekirdağ, Turkey. 
*Corresponding author: Email: gyildiztore @ nku.edu.tr 


Abstract 


There are limited experimental research about the toxicity effect assessment of chemically treated 
fur-suede processing wastewater. So, the aim of this study to determine the toxic effect of 
chemicaly treated fur-suede processing wastewater both discharged on receiving bodies and treated 
later in biological treatment processes. Toxicity assessment were done using with Daphnia magna 
standart test. 3 different conventional coagulants (FeC13, AI2SO4, FeSO4) were used for jar test 
experiments and optimum conditions were determined according to COD and Color removal 
efficiencies. The results indicated that while the highest and the lowest COD removal efficiencies 
were obtained from Al2SO4 and FeCl3 treatability experiments as 86,3% and 67,2 96 respectively, 
the highest color removal efficiencies were found as 98% and the best toxicity removal was found 
60% for 50% diluted samples obtained from Al2SO4 treatability experiments. These results show 
that chemical coagulation flocculation as a first treatment step for treatment of fur-suede processing 
wastewater provide a good performance both to remove particulate material and other pollutants 
which inhibits biological treatment and also has toxic effect for the receiving bodies. 


Keywords: fur-suede wastewater; tannery effluent; daphnia magna toxicity; coagulant; COD and 
color removal 


1. INTRODUCTION 


Tannery effluent including fur-suede processes is one of the most difficult industrial wastewaters in 
terms of treatability characteristics. Furthermore, large amount of freshwater is used to treat leather 
depending on the processes involved, the raw material used and the manufactured products, and 
many potentially dangerous chemicals such as chromium, synthetic tannins, oils, resins, biocides, 
detergents, are released [1;2]. By the way, fur-suede processing wastewaters also exhibit a strong 
wastewater characteristics with a maximum total COD of around 4285 mg/l, despite the excessive 
water usage of more than 200 m? per ton of skin processed. The first six processes including 
washing, pickling and bating steps had the highest impact on the plant effluent, contributing 4096 of 
the flow and more than 50% of the COD load together with significant amounts of trivalent 
chromium, sulphide and chloride often inducing inhibitory or toxic impact on biological treatment 
processes [3-5]. So, ideally, chromium and sulfide line waste streams are separated and they are 
pre-treated for chromium and sulfide removal by coagulation/flocculation and catalytic oxidation 
processes, respectively [6]. Because, chemical treatments have also been shown to be effective in 
removing these inhibitors [7]. Aluminium and ferric salts are widely used as coagulants in water 
and wastewater treatment and in some other applications [8]. Both chromium and sulfide waste 
streams are then mixed to decrease BOD and COD contents via conventional biological treatment 
[9]¢ On the other hand, various physico-chemical techniques have been studied for their 
applicability to the treatment of tannery wastewater [10;11]. But there are limited studies to 
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optimise the operating conditions for coagulation of tannery wastewaters. The efficiency of 
Coagulation-Floculation (CF) is mainly influenced by raw wastewater characteristics, pH, 
temperature, coagulant type and dose and mixing velocity [12]. 

The another most important concerns related to effluents originated from this industry are 
mainly due to chronic toxic effects caused by the mixture of many compounds used in the process 
that can be released to the environment because they even remain after conventional treatment 
[13:14]. Individual components such as phenols, formaldehyde are persisting conventional chemical 
and/or biological wastewater treatment processes [15]. The effect of chromium on biological 
treatment efficiency has been studied in detail [16], however, during tanning process some 
chemicals such as fungicides, synthetic tannins, dyes, surfactants are also used which have been 
indicated to inhibit the biological nitrification [17] and are toxic to aquatic environment [18-20] 
tested on different bioassays including Vibrio fisheri [21], Daphnia magna [22], sea urchins and 
marine microalgae [23]. The toxicity tests are useful analytical tools for screening of chemical 
analysis and as an early warning system to monitor the treatment of WWTPs. The use of single 
toxicity test or battery of tests is the best approach to evaluate the risk because they are reliable 
indices of the toxic impact of effluents in the aquatic environment [24]. The use of Daphnia magna 
in toxicology is accepted in several countries to monitor wastewater treatment systems, to establish 
quality criteria to determine permissible concentrations of pollutants, limits of impurity in water 
from natural effluents, and to determine the efficiency of a good sanitation method [25]. A number 
of toxicity monitoring and removal studies have been performed on leather tanning wastewater 
including acute toxicity on Vibrio fisheri , Daphnia magna [21; 22;26]. 

So, since there is limited information in the literature for evaluation of wastewaters associated 
with different production categories of tannery influents and also for fur-suede effluents, this study 
is intended to fill this gap and provides original information on the toxicity assesment of fur-suede 
processing wastewater treated with different coagulants . So, this paper firstly evaluates the 
experimental study results that were conducted on raw wastewater occurred from fur-suede 
production in terms of coagulation efficiencies based on COD, SS and colour removal at various pH 
and coagulant doses with regard to pre-treatment standards. After the optimum conditions were 
described for coagulation, chemically treated wastwaters' toxicity which inhibits biological 
treatment and also affects receiving bodies negatively was evaluated. 


2. MATERIALS AND METHODS 


2.1. Wastewater, sampling and conservation 

The investigated leather plant, located in the Corlu Leather Organized Industrial District in 
Tekirdag-western part of Turkey, was selected for the study. It processes sheep and lamb skins to 
give fur-suede and works five days a week with two shifts a day, employing a total of 140 people. 
The capacity of the plant is 2400 tons of skins per year, corresponding to around 6.4 tons of skin per 
day. Skins are processed using paddles and mixers of different capacity, varying between 6 and 32 
tons. Based on wastewater management, the plant can be classified in subcategory IV — shearlings 
or in subcategory VI — sheepskin for suede, based on the classification proposed by Tünay et al.[27. 
In district, most of the plants work on sem-pickled and fur-suede leather tanning. Occured 
wastewaters from these plants were treated at Corlu Leather Organised WWTP receiving an inflow 
of 36,000 m?.d", and consisting of an equalization basin followed by a coagulation and flocculation 
process and biological nitrification. Experimental studies were carried out fur-suede plant effluent 
samples characterized along with 1 month. Samples were delivered to the laboratory in 1 h for 
chemical analysis and acute toxicity tests and kept refrigerated at +4 °C during analysis. 
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2.2. Jar tests procedure 

A series of Jar-test experiments were performed on raw wastewater applying 2 min rapid mixing 
(RM) at 100 rpm, 20 min slow mixing (SM) at 30 rpm and 30 min settling at different pH values 
and coagulant dosages . Aluminium sulphate [Al (SO4)5.18H2O0], ferric chloride [FeCl3; .6H20] and 
ferrous sulfate [FeSO4.7H20] were used as coagulant. Solid Anionic Polyelectrolyte was supplied 
from Zhengzhou Jing Lian Water Purification Materials Co., Ltd. (Henan, China, polyacrlamide 
based, 9996 purity). All chemicals used in this study were analytical reagent grade.A conventional 
Jar-test apparatus (VELP Scientifica, FC6S) equipped with four beakers with 1000 ml were used. 
These compounds were purchased from Merck chemicals. After settling, supernatant samples were 
collected and filtered using coarse filter (Whatman filter paper no.40.) for further analysis. Jar test 
trials were made at efficient pH (8,5 for alum, 9,5 for ferrous sulphate and 10 for ferric chloride by 
adding IN HCl or 1 N NaOH solutions) and different flocculant dosages (200, 400, 600, 800 
mg.L P. Optimum conditions were assesed for Colour, COD and SS removal. All experiments 
were performed at room temperature (20- 25 °C). 


2.3. Analytical Methods 
All analyses were performed according to the Standard Methods [28;29] and ISO 7887 method 
[30]. The adjustment and measurement of pH was carried out using a (WTW pH315i) pH meter. 


2.4. Toxicity-Daphnia magna 

The toxicity of raw and coagulated wastewater was measured using 24 h Daphina Magna with and 
without and 50% dilution [31] to evaluate the influence of wastewater characteristics. For instance, 
there was found a positive relation between conductivity and juvenile daphnids mortality [32] while 
over 25 mg.L'! ammonia exhibited 50% of immobilization of daphnids [33]. Toxicity tests were 
performed quadruplicate using 5 daphnids in each test beaker with 100 ml effective volume. New 
born daphnids were grown in the laboratory at 16 h day light and 8 h dark periods supplying a 3000 
lux illumination. They were fed with Selenastrum capricornutum (300.000 cells mI") and baker's 
yeast (Schizosaccharomyces cerevisiae, 200.000 cells mI). Room temperature was kept at 20°C + 
1°C and a minimum 6 mg l-1 of dissolved oxygen was supplied by air filtered through activated 
carbon. All solutions were prepared using bi-distilled water at pH 8.0. Results were expressed as a 
percentage of immobilised animals after 24 h and 48 h. 


3. RESULTS AND DISCUSSION 
3.1. Effluent Characterization 


Wastewater characterization of investigated plant used in jar test experiments is given Table 1. 

All the striking features in Table 1 presents a typical tannery wastewater characteristics and 
shows a complex and strong wastewater structure especially with total COD about 1975 mg. L-1 
and . The suspended solids (SS), Total azot (T-N), colour, conductivity and total chromium (Tot- 
Cr) concentrations. The effluent characteristics associated with the plant are representative of the 
leather tanning wastewater and agree approximately with the values reported in the literature 
[benim makalem, 8,23,24]. 
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Table 1. Wastewater characterization of investigated plant used in jar test experiments 


PARAMETERS UNIT Raw WW 
Total COD mg.L' 1975+ 12 
Total TOC mg.L' 34043 
Soluble TOC mg.L' 1884-13 
Suspended Solid (SS) mg.L' 560 46 
Conductivity umho.cm" 79304123 
Colour 436 nm CN*(m)) 74,5 
525 nm CN*(m) 55,7 
620 nm CN* (m) 44,4 
Total Cr (T-Cr as Cr+3) mg.L”" 55+7,3 
T-N mg.L' 
Soluble T-N mg.L' 291,7 
mg.L' 19+2,3 
pH = 5,65+0,7 


*CN: Colour number 


3.2. Optimisation of the coagulant dose and the performance in the coagulation/floculation 
process 

Three different coagulants and four different dosages were used for optimisation of treatability 

conditions for fur-suede raw wastewater at coagulation/flocculation process. The results is given at 

Table 2. 


Table 2. Treatability results of fur-suede raw wastewater 


COLOUR 
Dosage COD TSS TOC T-N Conductivity (Colour Number, m!) 


ciagla 


serar [o | 20 f 10 f 1261 | 135 | | 20955 | 2837 | 8560 | 1s | zı | 45 | 
set-12 J f o f 10 | 6s7 | 0 | 2:168 | 2925 | 9160 | 34 | 23 | 14 | 


Setia [o ] so f ao | ca f 95 [| 2116 [| 3028 | 9930 | 41 [| 29 | 24 | 
set-21 — [| 20 | 95 f 1363 | sao | 3051 | 3224 | 8:0 f 724 | 465 | 349 | 


et-2.2 D] 20 | 9s ]| 177 | 499 | 2609 f 3427 | s190 | 495 | 289 | 205 | 
| o0 [| 95 | ass | 320 | 2:162 | 3519 | 8210 | 404 | 217 f 141 | 


| 320 | l 
| 520 | 
| 165 


520 
165 


According to the Table 2, it was observed that colour removal increased with the increasing 
FeCls concentration. Colour removal was determined as 87% at 200 mg.L'! FeCl; dosage while it 
was found 96% at 400 mg.L at pH=10. The worst colour removal in this study occurred at the 
lowest dose. Dosage amount increased to begin the colour removal efficiency increase and reached 
close to each other. On the other hand, FeSO; and AL(SO;) experiments showed that the 
meaningful colour removal efficiency can be obtained at 800 mg.L'! concentration as 96% and 
9896, respectively. So, in this case, according to the colour removal efficiency results, since FeSO4 
and FeClsdidn't present a good performance even at very high concentrations compared to 
AL(SO4); and were found more expensive option, Al(SO4); was assessed the best coagulant which 
provide the best colour removal efficiency for this wastewater. Moreover, COD removal 
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efficiencies were increased with increasing FeCl3 concentration similar to the colour removal. 
When FeCl; concentration increased from 200 mg.L' to 800 mg.L", COD removal increased from 
36% to 67%. But the best COD removal efficiency was achieved as 72% at 600 mg.L'' FeCl 
dosage and pH=9,5. FeSO, and AL(SO4); coagulants were also showed the similar intend. COD 
removal efficiency 31% at 200 mg.L'! FeSO, dosage and pH=8,5, while it was found 96% at 800 
mg.L' for the same pH. On the other hand, when Al,(SOx4)3 dosages were increased from 200 
mg.L'! to 800 mg.L'!, COD removal increased from 37% to 86 at pH=8,5 %. When TSS analysis 
were assessed, the best TSS removal efficiencies were determined as 86% for 400 mg.L' FeCl; 
dosage at pH=10, 85% for 800 mg.L FeSO, dosage at pH=9,5 and 89% for 800 mg.L'! 
AL(SO4); at pH=8,5. 

As a conclusion, in terms of COD and TSS removal efficiencies, for optimum dosages of 
FeCl; (600 mg.L”), FeSO, (800 mg.L"') and Ab(SO;); (800 mg.L'') were determined as 77 96, 
2679, %86, respectively. By the way, TSS removal efficiencies for them were calculated as 86%, 
85% and 89 %, respectively. So, in this case, according to the chemical settling experiment results, 
since FeSO, and FeCl3 didn’t present a good performance even at very high concentrations 
compared to Ab(SO4). especially for COD and TSS removal and were found more expensive 
option, Al;(SO4)s was assessed the best coagulant which provide the best removal efficiency for this 
wastewater. Song et.al. (2000) found at an optimum pH of 7.5, the following removal efficiencies 
were attained by coagulation: 32%+35.6% (COD), 64.0%+69.3% (SS), 7739996 (chromium), 
85%+86% (colour) by respectively the addition of 800mg 1+1 of aluminium sulphate or ferric 
chloride [34]). Furthermore, Song et al. (2004) obtained a removal range of 30-37% of total COD, 
74-99% of chromium and 38-46% of SS using 800 mgL-1of alum at 7.5 pH for pre-settled tannery 
wastewater containing 260 mgL-1 of SS, 16.8 mgL-1 of chromium, 3300 mg.L 'of COD at pH 
9.2. [35]. So, the COD and TSS removal efficiencies were reported more lower than this study 
results. Furthermore, they reported that FeCl; proved better results than alum. Ates et al. (1997) 
investigated the effectiveness of alum and FeCl; based-CF for the treatment of homogenized inlet of 
a central treatment plant of leather tanneries district, Turkey. All experiments resulted in >70% of 
COD removal [36]. Total chromium was also effectively (5 mg.L ) removed by alum while it was 
almost completely removed using FeCls. Kabdasli et al. (1999) also reported 40-70% removal of 
COD and >99% of total chromium from leather tanning wastewater using FeSO,, FeCl; and alum 
[37]. So, this study results showed the best removal efficiencies in terms of COD and TSS 
parameters compared to the literature. It is tought that the reason of this is due to the the weak 
character of fur--suede wastewater used in this study unlike the literature. 


3.3. Toxicity-Daphnia magna 

The toxicity of raw and coagulated wastewater at optimum coagulant dosages (Set 1-3: FeCl; - 
600 mg.L'! at pH=10, Set 2-4: FeSO, -800 mg.L''at pH=9,5 and Set 3-4: Ab(SO4); -800 mg.L'! at 
pH=8,5) were measured using 24 h Daphina Magna with and without 50% dilution to evaluate the 
influence of wastewater characteristics in the scope of 3 sets. The results are given at Table 3. 
Daphnia Magnas didn't show a good vitality at also 24 h. So, when 48 h effects were considered, it 
was observed that all of the Daphnia Magnas' were died. The meaning of this can be explained that 
while there is most important toxicity at acute period, this case will result in high toxicity at long 
period. 

According to the toxicity tests, all Daphnia Magnas were died without dilution. But, it was 
obtained that a chancing specific toxicity was removed according to the different coagulants. On the 
other hand, dilution had a possitive effect on toxicity compared to the undiluted raw samples. The 
reason of the high toxicity of raw wastewater is due to the untreated. Furthermore, high COD, TSS, 
Conductivity of raw wastewater may be reason for this case. But,experimental results show that 
although raw wastewater is untreated, it was observed that a specific volume of dilution provide 
approximately 10% + 3 toxicity removal. On the other hand, toxicity of chemically coagulated 
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Table 3. The toxicity evaluation of raw and coagulated fur-suede wastewater 


| 50% Diluted wastewater 
Immobilisation Daphina Magna number, 24h 


At the beginning of Average toxicity 
SAMPLE NAME experiment Mortality | Vitality (29) 
Set-1 
5 (6) 5 Oo 
Raw wastewater 5 4 1 80 
Set 1-3 (FeCl, -600 mg.L* at pH=10) 5 3 2 60 
Set 2-4 (FeSO, -800 mg.L 'at pH=9,5 ) 5 4 1 80 
Set 3-4 (Al,(SO,)3 -800 mg.L” at pH=8,5) 5 2 3 40 
Set-2 
Raw wastewater 5 5 Oo 100 
Set 1-3 (FeCl, -600 mg.L'* at pH=10) 5 4 1 80 
Set 2-4 (FeSO, -800 mg.L “at pH-9,5 ) 5 3 2 60 
Set 3-4 (Al,(SO,)3 -800 mg.L'* at pH=8,5) 5 2 3 40 
Set-3 
Raw wastewater 5 4 1 80 
Set 1-3 (FeCl; -600 mg.L* at pH=10) 5 4 1 80 
Set 2-4 (FeSO, -800 mg.L !at pH-9,5 ) 5 3 2 60 
Set 3-4 (Al,(SO,)3 -800 mg.L” at pH=8,5) 5 2 3 40 


wastewater diluted with 50% were calculated averagely as 7045% for FeCl; and provided best 
toxicity removal as 20% at Set 1-3. At this set, it was observed that the shape of the immobilised 
Daphnia Magnas were broken. But unlike this situation, they were maintained their transparent 
colour during this period. Furthermore, toxicity of Set 2-4 was determined averagely as 60+7%, 
toxicity removal was found approximately 40% and it was observed that Daphnia Magnas didn’t 
protect their shape and with degradation, theri colour converted to a salmon colour. It is thought 
that both the acidic properties of coagulant used in this set and SO4 and Fe ion affects at high 
dosages may be the reason of the toxicity. On teh other hand, the highest toxicity removal was 
achieved at Set 3-4 with alum. Averagely, 40% toxicity was determined for alum coagulant at 50 96 
dilution and 60% toxicity removal was achieved. The reason of this can be explained as the highest 
coagulation efficiencies can be achieved with alum coagulant on the base of high COD, TSS and 
Colour removal. By the way, it was reported in the literatüre that the toxic effect of aluminium ions 
have lower affect on the aqualife than iron ions. It was thought that this case may also has a 
possitive effect on a little bit lower toxiciy. In the literatiire, Kaptan, D.(2002) was researched the 
acute Daphnia Magna toxicity of textile wastewater and found that while the raw textile 
wastewater 100% toxic with 50% dilution, the toxicity of wastewater treatment plant effluent 
treated this raw wastewater was determined 20% toxic with 50% dilution. Lofrano et.al. also 
studied leather tanning wastewater Daphnia Magna toxicity at severeal researchs. The also found 
that the overall decrease in effluent toxicity following the coagulation/floculation effluent suggested 
an effective removal of toxic components from tannery wastewater [38]. So, it is useful approach to 
improve the coagulation process for toxicity reduction of raw wastewater taken from a leather 
tanning wastewater. This study results showed that to improve COD and TSS removal as well 
reduce the toxicity of the existing coagulation/floculation treatment process may be useful to 
remove of toxic components from fur-suede wastewater before both biological treatment and 
discharge to receiving bodies. Especially, the policy of submitting tannery wastewater to biological 
treatment before its release in receiving water bodies is necessary to reduce toxicity using alum 
coagulation for protecting the aquatic environment. 


172 13^ International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


4. CONCLUSIONS 


This study aimed to optimize pH and coagulant dosage for the wastewater originated from a fur- 
suede process to improve coagulation efficiency as well reduce the toxicity of it. Toxicity was 
monitored in raw and coagulated samples using Daphnia Magna test. The optimum conditions were 
assessed as 8.5 pH and 800 mg.L'! of Ab(SO;), with the pH adjustment by using Ca(OH) which 
resulted in high removal of COD (86 96), TSS(89 %), Colour (98%) and reduced Daphnia Magna 
immobilization (6096 v/v toxicity removal). The toxicity tests are useful analytical tools for 
screening of chemical analysis and as an early warning system to monitor the treatment of WWTPs. 
The use of single toxicity test or battery of tests is the best approach to evaluate the risk because 
they are reliable indices of the toxic impact of effluents in the aquatic environment [24]. The 
coagulation/flocculation process is versatile before submitting the raw tannery effluent to 
biological process. However, this process must be well optimized to avoid elevated toxicity with 
respect to raw wastewater and toward the effluent submitted to biological treatment. 
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Abstract 


The aim of this study was to investigate the reuse possibility in dyeing processes of biologically 
treated textile wastewater of a local textile factory (denim washing and dyeing) in Tekirdag, Turkey 
which has COD:350 mgL“, color:108.9 m and conductivity: 2843 uScm''. For this aim was 
evaluated the flux and permeate quality as COD, color and conductivity with different nanofiltration 
(NF) membranes (NPO10 and NP030) under various pressures (4, 6, 8 and 10 bar). On the other 
hand mass transfer coefficients were calculated with Nernst-Planck equation based on experimental 
results. 

The highest flux values were measured as 83.7 L m .h' and 51.8 L m?.h'! with NPO10 and 
NP030 membranes under 10 bar pressure, while the lowest flux values were determined as 50.3 L 
m.h' and 22.5 L m?.h', respectively. According to analysis results for permeate quality COD: 30 
and 20 mgL"', color 0.51 and 0.41 m” and conductivity 2190 and 2162 uScm'! were obtained for 
NP010 and NP030 under 10 bar pressure, respectively. When compared to literature, nanofiltration 
permeate water was found to be alternative to fresh water in textile wet processing. According to 
the Nernst-Planck equation, the Bs (mass transfer coefficient) and Rs (overall removal rate) values 
are obtained. Rs and Bs values were determined as follows: 0.982 and 0.994 for COD, 0.995 and 
0.959 for color, 0.295 and 0.3403 for conductivity and 6.79 and 3.38 for COD, 4.90 and 0.54 for 
color, 27.39 and 15.87 for conductivity, respectively. According to Bs and Rs, NP030 membrane 
was determined as the most convenient membrane for aerobically pre-treated wastewater. 


Keywords: reuse; nanofiltration; textile wastewater ; mass transfer coefficient 


1. INTRODUCTION 

Reuse of textile industry wastewater is a major issue due increasing water scarcity in recently [1]. 
Therefore many advanced treatment methods such as adsorption, oxidation are used, especially 
membrane processes. However pre-treatment process as biological treatment and coagulation/ 
flocculation is necessary for advanced treatment. In some studies, nanofiltration (NF) membranes 
after pre-treatment for reuse of textile wastewater has been used [1-6]. Also it has been worked to 
determine the mass transfer coefficients of NF membranes in various research [7-13]. The mass 
transfer of NF membranes can be explained by thermodynamics of irreversible processes. The 
relationship between R (removal efficiency) and J, (permeate flux) can be determined according to 
the Nernst-Planck equation. According to this model, R is determined by the following equation 
[7-9]. 


R.J, 
R= (1) 
Jd. 
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In this equation (1) Rs and B, are constants as removal coefficient and mass transfer 
coefficients, respectively. This constant value is a function of membrane permeability. The equation 
(2) is obtained with rearranging of equation (1)[7-9]. 


1 B, 1 
— + à .— 
R RJ, 


S 


x Q) 
R 


In this study, equation (2) is used to determine the Rs and Bs values from 1/R and l/Jv 
relationship between [7-9]. 

Koyuncu et al. (2001) [7] have studied the pilot-scale NF membrane for dye house effluents of 
textile industry. Permeate conductivity decreased with increasing pressure. To support this, with the 
mass transfer coefficient accounts, according to Eq. (2), mass transfer coefficient for conductivity 
was calculated. Kaykioglu et al. (2011)[8] have evaluated in the Nernst-Planck equation for 
anaerobically and aerobically pre-treated textile wastewaters with membrane experiments obtained 
permeate flux and removal rate of COD, color and conductivity. Coskun et al. (2013) [9] have used 
reverse osmosis for the treatment of olive mill wastewater and have determined mass transfer 
coefficient for conductivity parameter. In all studies, permeate quality values have decreased with 
increasing pressure and calculated mass transfer coefficients have confirmed with these values. It is 
necessary to study more in order to find out the relationship between the removal efficiency and the 
operating pressure . 

In this study, the reuse possibility of biologically treated textile wastewater of a local textile 
factory (denim washing and dyeing) was investigated in Tekirdag, Turkey. For this aim, the flux 
and permeate quality as COD, color and conductivity with different nanofiltration (NF) membranes 
(NP010 and NP030) was evaluated. On the other hand mass transfer coefficients were calculated 
with Nernst-Planck equation based on experimental results. 


2. MATERIALS AND METHODS 


2.1 Wastewater origin 

In the study, aerobically treatment plant effluent, that is currently available in local textile factory 
(denim dye and washing) was studied, which has COD: 350 mg/L, color: 108.9 m and 
conductivity: 2843 uS/cm. In this plant, industrial and domestic wastewaters are treated by 
physical, biological (aerobic) and granule filtration. The capacity of wastewater treatment plant is 
1500 m)/day. Composite sample was taken for 24 hours which was used as feed water in the 
membrane process. 


2.2 Membrane equipment 

The membrane system and membrane cell were supplied by Osmonics® Inc. and a GE Sepa™ CF2, 
respectively. A cartridge filter (10 um pore size) was used as a pre-filter to remove coarse 
particulates from the wastewater. All membrane experiments were performed at 25 °C. NF (NP010 
and NP030) membranes were used to filtrate aerobically pre-treated textile wastewaters under 
pressures of 4, 6, 8 and 10 bar. A flat sheet type membrane was used in the experiments. NF 
membranes supplied by Macrodyn® Nadir. A new membrane sheet was used for each experiment. 
The characteristics of the membranes were given in Table 1. Membranes were pressurized by 
distilled water in order to get to the stable flux of the membranes used in experiments. Flowmeter is 
set at 300 L/h. 
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Table 1. Characteristics of nanofiltration membranes 


à b 
Membrane type Manufacturer Meterial Membrane MES MR 
property bar C 
BE OH} Macrodyn® Nadir Bolyetier ufone Hydrophilic 40 95 
NP 030 © ; Permanently E 
Macrodyn Nadir Polyethersulfone Hydrophilic 40 95 


a s B b s E 
"Maximum operation pressure, "Maximum operation temperature 


2.3 Analytical methods 

COD, color and conductivity were analyzed for aerobically treated effluent and permeate water. 
They were performed according to ISO 6060 [14], ISO 7887 [15] and Standard Methods [16], 
respectively. pH and conductivity parameters were determined using WTW pH 315i/set and WTW 
Cond. 3210 Set 1 brand appliance, respectively. Color was analyzed by using Thermospectronic 
Aquamate brand spectrophotometer. Membrane performance was expressed as flux and removal 
efficiency. Permeate flux was determined gravimetrically. The time-dependent flow and pressure 
values measured in the experiment were calculated as follows; 
Flux (Jv, L/m?.h) = permeate weight in terms of g and in 5 minutes x density of the water / 
membrane area. 


Removal efficiency was determined by the following equation (3). 


Ro(%) = FF = 1-2 (3) 


where; R,, the observed removal efficiency, Cp and C; represents the concentration of the feed 
solution and the permeate stream, respectively [1,17,18]. 


3. RESULTS AND DISCUSSION 


3.1 Permeate Flux and Quality 

Permeate fluxes were continuously monitored via digital balance connected to a computer. 
Permeate flux values obtained in different membrane pressure for 60 minutes are shown in Figurel. 
It can be seen in Figure | that permeate fluxes obtained with NPO10 are higher than NP030 for all 
application pressures and increased with increasing pressure. The highest flux values were 
measured as 83.7 L/m^.h and 51.8 L/m^.h with NPO1O and NP030 membranes under 10 bar 
pressure, while the lowest flux values were determined as 50.3 L/m^h and 22.5 L/m?.h, 
respectively. 
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Figure 1. The permeate flux values for NPO10 and NP030. 


The quality of permeate water obtained (COD, color and conductivity) with NF membranes have 
been determined to assess of reuse of wastewater (Table 2). The permeate water quality has 
increased with increasing pressure for all experiments. The permeate waters obtained with NPO10 
and NP030 have 102-30 mg/L, 11.5-5.1 ni 2325-2190 us/cm and 80-20 mg/L, 6.7-4.1 m'!, 2284- 
2062 us/cm for COD, color and conductivity, respectively. Achieved removal efficiencies are 
shown in Figure 2. It can be seen in Table 2 that permeate waters quality obtained with NP030 is 
negligibly better than NPO10, especially conductivity parameter. According to literature, the 
industrial process water must have colorless, maximum COD: 50 mg/L and maximum conductivity: 
2200 us/cm [19-21]. If permeate water quality are compared to the results process water quality 
mentioned in literature, it was proven that obtained permeate waters with NPO10 and NP030 under 
10 bar can be used in textile industry as a process water. 


Table 2. Analysis results of permeate water samples and aerobically pre-treated wastewater 


COD, mg/L Color, m! Conductivity, us/cm 


Aerobically pre-treated wastewater (pH= 6.5) 


350 108.9 2843 


Membrane permeate water 


Pressure, bar NP010 
4 102 11.5 2325 
6 45 9.8 2304 
8 32 7.6 2205 
10 30 5.1 2190 
Pressure, bar NP030 
4 80 6.7 2284 
6 40 6.3 2190 
8 28 5.8 2062 
10 20 4.1 2162 


178 


13^ International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


m. 
N 
[e] 


100 
x 2 * e 8 
e) 80 6 COD (NPO10) 
fo) 
o 6 Color (NPO10) 
i 60 
= Conductivity (NPO10) 
> 
g 40 @ COD (NP030) 
wu 
ac e @ Color (NP030) 
20 e $2 e 
6 Conductivity (NPO30) 
0 
0 2 4 6 8 10 12 


Pressure, bar 


Figure 2. COD, color and conductivity removal efficiencies 


3.2 Mass Transfer Coefficiency 

According to the Nernst-Planck equation (Eq.(2)) the Bs (mass transfer coefficient) and Rs 
(removal coefficient) values are calculated from relationship between 1/Jv and 1/R. The 
relationships between removal efficiencies (COD, color and conductivity) and permeate flux for 
aerobically pre-treated wastewaters are given in Figure 3. Bs coefficient indicates passage of the 
materials through the membrane. Therefore a lower Bs coefficient means higher performance of the 
membranes. 

Rs and Bs values were determined as follows for NPO10 and NP030; 0.982 and 0.994 for 
COD, 0.995 and 0.959 for color, 0.295 and 0.340 for conductivity and 6.79 and 3.38 for COD, 4.90 
and 0.54 for color, 27.39 and 15.87 for conductivity, respectively. According to Bs and Rs, NP030 
membrane was determined as the most convenient membrane for aerobically pre-treated wastewater 
due to the fact that Bs values in NPOIO were significantly higher than NPO30 applications. 
Kaykioglu et al. (2011) [8] the mass transfer coefficients were determined for aerobically pre- 
treated wastewater with nanofiltration (NPO10 and NP030). Wastewater was supplied from textile 
factory which dyes 95% of cotton. The Bs coefficiencies of our study were compared with study of 
Kaykioglu et al. (2011 [8] and the different results obtained (Table 2). According to Kaykioglu et 
al. (2011) [8], Bs value of conductivity in NP030 membrane was significantly lower than our study. 
This case can related to the presence of different dissolved organic matter in the effluents due to the 
different wastewater and treatment mechanisms. The similar results were obtained for COD and 
color. 
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Figure 3. The relationship between removal efficiency and permeate flux 


for a) COD, b) color, c) conductivity 


Table 2. Bs and Rs values for aerobically pre-treated wastewaters and Bs values 
of Kaykioglu et al. (201 1)[8]. 


This study Kaykioglu et al., 2011 [8] 
COD RÊ Rs Bs/Rs Bs Bs 
NPO10 0.8997 0.982 6.9117 6.79 4.99 
NP030 0.9074 0.994 3.4034 3.38 1.17 
Color 
NPO10 0.8073 0.995 4.9250 4.90 0.91 
NP030 0.8841 0.959 0.5619 0.54 0.46 
Conductivity 
NP010 0.7777 0.295 92.7510 27.39 39.35 
NP030 0.7711 0.340 46.6610 15.87 3.06 


4. CONCLUSIONS 
This study focused on COD, color and conductivity removals from aerobically pre-treated textile 
wastewater with NF membranes for reuse. Also the performances of NF membranes with their mass 
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transfer coefficients were investigated. The highest flux values were measured as 83.7 L/m^.h and 
51.8 L/m^.h with NPO10 and NP030 membranes under 10 bar pressure, respectively. The permeate 
water quality has increased with increasing pressure for all experiments. According to literature, the 
permeate waters for NPO10 and NP030 under 10 bar pressure can be used in textile industry as a 
process water. The Bs values in NPOIO were significantly higher than NP030 applications. 
According to Bs coefficiency, NP030 membrane is the most suitable membrane. This case can be 
explained by difference of membrane materials. NP030 membrane is manufactured from 
permanently polyethersulfone while NPOIO is polyethersulfone. More detailed analyses on the 
membrane surface are necessary for removal mechanisms. 
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Abstract 


Drugs are of scientific and public concern not only for their benefits but also as newly recognized 
classes of environmental pollutants. Many of these drug compounds are not completely removed by 
wastewater treatment plants (WWTPs). Recently, the removal of drugs by adsorption is 
characterized as one of the most promising techniques, due to its convenience once applied into 
current water treatment processes. Carrageenans are hydrophilic polymers that hydrate, swell and/or 
dissolve in aqueous environment. These properties make them suitable as biosorbents. In this study 
iota- and kappa- carrageenans were functionalized with isocyanate groups and used as super- 
adsorbent materials for the removal of Carbamazepine and Diclofenac from aqueous solutions. 
Adsorption and desorption studies followed by kinetic modelling were conducted, while TGA, 
XRD and FT-IR were used to characterize carrageenans before and after adsorption. 


Keywords: carbamazepine; diclofenac; carrageenans; adsorption; kinetic modelling 


1. INTRODUCTION 

Drugs are among the most hazardous environmental classes of pollutants due to their toxicological 
properties and their utilization is expected to be increased due to a growing and aging population 
and an augmented reliance on drug treatment. Many of these compounds are not completely 
eliminated after their consumption by humans or animals and posteriorly excreted as slightly 
transformed product or even unchanged to wastewater treatment plants (WWTPs) [1]. 
Carbamazepine and diclofenac draw attention being the most frequently detected pharmaceutical 
residues in water bodies so far. Carbamazepine (CBZ) is an anticonvulsant and analgesic drug that 
is used to treat seizures and nerve pain such as trigeminal neuralgia and diabetic neuropathy. It is 
also used to treat bipolar disorder. Its low affinity for organic substrate renders it difficult to remove 
from wastewaters. Diclofenac is a nonsteroidal anti-inflammatory drug taken or applied to reduce 
inflammation and as an analgesic reducing pain in certain conditions that is found in high 
concentrations in water waste. 

Carrageenans are hydrophilic polymers that have the ability to hydrate, swell and/or dissolve in 
aqueous environment. They are composed of D-galactose residues linked alternately in 3-linked-p- 
D-galactopyranose and 4-linked-a-D-galactopyranose units and they are classified according to the 
degree of the substitution that occurs on their free hydroxyl groups. Due to their properties, 
carrageenans have already been used as adsorbent materials for removal of metals and organic 
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pollutants [2-3]. In this study iota- and kappa- carrageenans were modified with tolulene di- 
isocyanate and used as adsorbent for two drugs; carbamazepine and diclofenac. 
Figures 1 and 2 show the chemical structure of Carbamazepine and Diclofenac respectively. 


CI 


CU IS y 
À. Cl OH 
O^ “NH, O 


Figure 1. Chemical structure of Carbamazepine Figure 2. Chemical structure of Diclofenac 


2. MATERIALS AND METHODS 


2.1. Materials 

Iota-carrageenan (Gelcarin GP-379NF) and kappa-carrageenan (Gelcarin GP-812NF) were kindly 
supplied by FMCBioPolymer (Netherlands). Tolylene-2,4-diisocyante (assay 95%) was purchased 
from Sigma-Aldrich. Carbamazepine (purum > 99.0%) was purchased from Acros Organics. 
Diclofenac sodium (purum > 98.5%) was purcused from Sigma-Aldrich. All other solvents used 
were of analytical grade and those used for HPLC analysis were of HPLC grade. 


2.2. Preparation of isocyanate-functionalized carrageenans 

Iota- or kappa- carrageenan (5g) respectively was inserted in round bottomed flask containing 
50mL of dimethylsulfoxide (DMSO) and stirred at room temperature till suspension was formed. 
Then, 15mL tolylene diisocyanate (TDI) were inserted to the flask and vigorous stirring was 
performed at 50°C for 4 hours. The formed gel was cut into pieces and soaked in 100 mL 
dichloromethane (DCM) under magnetic stirring for 2 hours in order to remove DMSO and 
unreacted TDI. Further purification was done by inserting the material in distilled water at 80°C for 
3 hours for the removal of unreacted carrageenan and finally wash was ethanol was conducted and 
the synthesized material was left to dry under vacuum. The prepared isocyanate-functionalized iota 
(iCar-TDI) and kappa (kCar-TDI) was further chopped using cutter mill and particle size of about 
100 um was taken and stored in a desiccator till further use. 


2.3. Characterization techniques 
The spectra were collected using a Perkin-Elmer FT-IR spectrometer (model FTIR-2000, Perkin 
Elmer, Dresden, Germany) between 450 and 4000 cm’! at a resolution of 4 cm’ using 20 co-added 
scans. All spectra submitted to baseline correction and normalization to 1. 
XRD patterns were taken using a Rigaku Mini Flex diffractometer with Bragg-Brentano geometry 
(0, 20) and a Ni-filtered CuKa radiation. The samples were scanned over the internal range of 5-60°, 
step 0.02°, speed 2.0 °/min. 

TGA analysis was carried out with a SETARAM SETSYS TG-DTA 16/18. Samples 
(6.0 + 0.2 mg) were placed in alumina crucibles and heated from ambient temperature to 800 °C in 
a 50 mL/min flow of N» at heating rates of 20 °C/min. 
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2.4. HPLC analysis 

Quantitative analysis of Carbamazepine and Diclofenac was performed using a Shimadzu HPLC 
prominence system (Kyoto, Japan) consisting of a degasser (DGU-20A5), a liquid chromatograph 
(LC-20 AD), an auto sampler (SIL-20AC), a UV/Vis detector (SPD-20A) and a column oven 
(CTO-20AC). The column used was a C18 (120 A, 250 mm x 4.6 mm, 5 um, CNW Athena). 

For Carbamazepine the temperature was set at 40 °C. Water (H5O), acetonitrile (ACN) and 
methanol (MeOH) were the elution solvents. The samples were eluted by isocratic flow 
H20O/ACN/MeOH 30/10/60 v/v/v and the flow rate was ImL/min. The total run time was 8 min and 
the retention time was 4.96 min. The injection volume was 10 uL. Chromatographic data were 
acquired at the wavelength of 235 nm. 

For Diclofenac the temperature was set at 20 °C. Water (H20) containing 0.12% v/v acetic acid 
and methanol (MeOH) were the elution solvents. The samples were eluted by isocratic flow 
H;0/MeOH 20/80 v/v and the flow rate was 1mL/min. The total run time was 12 min and the 
retention time was 7.52 min. The injection volume was 20 uL. Chromatographic data were acquired 
at the wavelength of 279 nm. 


2.5. Adsorption experimental procedure 


2.5.1. Carbamazepine 

Batch experiments (all experiments were run in triplicate) were carried out using 1 g/L of adsorbent 
each time (m = 0.03 g of adsorbent's mass were added to V = 30 mL of deionized water in a conical 
flask). Samples were taken at predetermined time intervals and filtered using 45 um pore size 
filtration membrane (Whatman, purchased by Sigma-Aldrich). For the pH-effect experiments (Co = 
30 mg/L), the solution pH was initially adjusted with aqueous solutions of acid or base (0.01 mol/L 
of HCI and/or 0.01 mol/L NaOH) to reach pH values of 2-12. The agitation rate was fixed at N = 
150 rpm for all adsorption-desorption tests using shaking incubator (Julabo SW-21C, Seelbach, 
Germany) under a controlled temperature. Isotherms were taken running the adsorption experiments 
with various initial metro concentrations (Co = 0-100 mg/L) at three different temperatures (T = 25, 
45, 65 °C) for 24 h (contact time). Kinetic tests were performed using Co = 15 mg/L at 25 °C (at pH 
= 2 and 10) for different contact-time intervals during adsorption (t = 0-4 hrs). 


2.5.2. Diclofenac 

Batch experiments (all experiments were run in triplicate) were carried out using 0.5 g/L of 
adsorbent each time (m = 0.015 g of adsorbent’s mass were added to V = 30 mL of deionized water 
in a conical flask). Samples were taken at predetermined time intervals and filtered using 45 um 
pore size filtration membrane (Whatman, purchased by Sigma-Aldrich). For the pH-effect 
experiments (Co = 30 mg/L), the solution pH was initially adjusted with aqueous solutions of acid 
or base (0.01 mol/L of HCl and/or 0.01 mol/L NaOH) to reach pH values of 2-12. The agitation rate 
was fixed at N = 150 rpm for all adsorption-desorption tests using shaking incubator (Julabo SW- 
21C, Seelbach, Germany) under a controlled temperature. Isotherms were taken running the 
adsorption experiments with various initial metro concentrations (Co = 0-100 mg/L) at three 
different temperatures (T = 25, 45, 65 °C) for 24 h (contact time). Kinetic tests were performed 
using Co = 30 mg/L at 25 °C (at pH = 6). PH=6 was selected as it was found to be the optimum 
value according to pH-effect tests for different contact-time intervals during adsorption (t = 0-4 
hrs). 


184 13^ International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


3. RESULTS AND DISCUSSION 


3.1. Characterization of adsorbents 

Figure 3 shows FT-IR spectra of net and functionalized with TDI carrageenans. As can be seen 
there were present all the characteristic peaks of net carrageenans; a broad peak at 3600 — 3200 cm’! 
owning to O-H interactions, 1645-1655 cm’! (carbonyl group stretching), 1267cm' (O=S=O 
asymmetric stretching), 1156 cm-1 (C-O-C asymmetric stretching), 1067-1074cm' (S-O 
symmetric stretching), 1027-1038 cm (C-O stretching), 928-935 cm (C-O-C stretching in 3,6- 
anhydrogalactose) and 852 cm! (C—O-S) stretching in a (1-3)-D-galactose. 
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Figure 3. FTIR spectra of a) kappa- and kappa-functionalized carrageenans and b) iota- and iota- 
functionalized carrageenans. 


As observed in kappa-modified FT-IR spectra a new was formed at 3400 cm owning to N-H 
stretching vibrations. In advance, there are present two new peaks at 1662 and 1710 cm’ owning to 
C=O stretching vibration and a peak at 1542 cm’ owning to N-H stretching of urethane linkage. In 
addition, the absence of peak at 2275cm’' owning to N=C=O group, confirmed the absence of 
unreacted TDI. Analogous are the observation for iota-modified carrageenan. 

XRD was used to examine if there was any change to the physical state of carrageenans (Figure 4). 
As it was referred in previous study carrageenans shows a wide broad peak indicating their 
amorphous state. The addition of -NCO groups didn't show to affect the amorphous state and the 
resulting cross-linked carrageenans showed also a wide broad peak. 
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Figure 4. XRD patterns of a) kappa and modified with TDI and b) iota and modified with TDI 
carrageenans 
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In order to assess the thermal stability of the cross-linked carrageenans, thermal gravimetric 
analysis (TGA) was carried out. Figure 5 shows TGA curves of kappa- and iota- carrageenanan and 
kappa- and iota- -NCO functionalized carrageenans. As can be seen, thermal degradation profile of 
-NCO functionalized carageenans turned to be quite different compared to that of neat 
carrageenans. Carrageenans cross-linked with TDI showed reduced thermal degradation stability 
due to -NCO groups. In advance kappa-carrageenan showed to be more resistant to thermal stability 
than iota-carrageenan. 
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Figure 5. TGA curves of a) kappa and kappa-TDI carrageenans and b) iota and iota-TDI 
carrageenans. 


3.2 Adsorption and desorption studies 


3.2.1. Carbamazepine 
Figure 6 shows the removal of carbamazepine from various pH values. It was found that the best 
removal was succeeded at strongly acidic and strongly basic values (pH 2 and 12 respectively). 


PH=2 and pH=10 were selected for further study according to pKa values of carbamazepine 
(pKa=2.3 and 13.9). 
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Figure 6. Influence of the solution pH on adsorption 
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Figure 7 shows the influence of contact time during adsorption. As can be seen at pH value 2, 
for both materials and till 150 min, carbamazepine adsorbed gradually and after that time no further 
adsorption was observed. For pH value 10, the corresponding time was 120 min, i.e. a decrease of 
30 minute was observed. 
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Figure 7. Influence of contact time during adsorption 


Desorption studies at different pH values was also conducted and the results are shown in Table 
1. As can be seen at pH=8 was succeeded the higher percentage desorption of carbamazepine. 


Table 1. Desorption study at different pH values 


Sample Kappa modified Iota modified 
Desorption (406) Desorption (96) 

pHz2 22,32 19.01 
pH=4 22.58 35.60 

pH = 6 26.76 29.47 
pH=8 30.45 42.05 
pH = 10 28.83 31.62 

pH = 12 24.25 37.77 
3.2.2. Diclofenac 


Figure 8 shows the influence of pH during adsorption of diclofenac. As can be seen, the best 
removal was succeeded at pH value 2. However, at pH values 2 and 4 it was found a divergence 
between the theoretically and HPLC determined concentration, may because hydrolysis or 
degradation occurs. For that reason pH 2 and 4 was rejected and pH 6 was selected for further 
adsorption studies. 
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Figure 8. Influence of pH during adsorption study 


The influence of contact time during adsorption is shown in Figure 9. 
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Figure 9. Influence of contact time 
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Finally, Table 2 shows the results of adsorption study. It was found that maximum desorption 


of diclofenac was achieved at pH 8. 


Table 2. Desorption study at different pH values 


Sample Kappa modified Iota modified 

Desorption (96) Desorption (46) 
pHz2 5.07 4.79 
pH=4 7.43 5.87 
pH = 6 11.14 9.00 
pH=8 23,30 13.67 
pH = 10 9.82 9.73 
pH = 12 12.91 10.57 
Conclusions 


Iota and kappa carrageenan were successfully functionalized with isocyanate groups and found to 
be stable till 155°C. The above materials were used for the removal of carbamazepine and 
diclofenac from water. As optimum pH value for the removal of carbamazepine was found to be 2 
and 10 while for diclofenac was 6. Carbamazepine showed that the removal was succeeded in the 
first 150 minutes at pH 2 for both iota- and kappa- functionalized carrageenans, while for pH 10 the 
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time showed a decrease of 30 minutes, i.e. the removal was practically completed at 120 minutes. 
Diclofenac showed that reached its high adsorption at the first 60 minutes. Desorption studies 
showed that carbamazepine was successfully desorbed from both materials, showing its maximum 
desorption at pH 8. The percentage desorption showed a high difference between kappa- and iota- 
functionalized carrageenans, with the second one to have a value of 12 units higher (30% for kappa- 
and 42% for iota). Analogous is the observation for diclofenac, which showed its higher percentage 
desorption at pH 8. Diclofenac showed that was able to be easier desorbed from kappa- 
functionalized carrageenan than from iota-carrageenan. The difference reached 10 units (23.5% for 
kappa and 13.546 for iota). 
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Abstract 


Novel random copolymers based on acrylic acid (AA), vinyl imidazole (VI) and crosslinked 
trimethylopropane trimethacrylate (TRIM) were synthesized and used for the adsorption and 
removal of 3 drugs commonly found in wastewaters. Adsorbent materials were characterized by 
FTIR and TGA, and the effect of pH and comonomer composition on the adsorption ability was 
studied. The chosen drugs were atenolol (ATE), diclofenac (DIC) and ibuprofen (IBU). Each drug 
was found to adsorb more effectively on different copolymer compositions, as well as in different 
pH conditions, due to their varying drastic groups and therefore different interactions with polymers 
of varying comonomer contents. 


Keywords: pharmaceuticals; adsorption; wastewater; polymers; toxicity. 


1. INTRODUCTION 


The occurrence of pharmaceuticals and their transformation products (TPs) has been documented 
worldwide in various compartments of the water cycle including both natural and technical aquatic 
systems impacted by wastewater discharges and waste disposal sites [1]. Consequently, there is a 
growing awareness of the risks related to the emission of pharmaceuticals and their TPs in the 
aquatic environment [2]. To reduce the potential risk caused by these compounds in treated 
wastewater discharged to aquatic environments, their removal in water treatment plants is 
considered as an important technological challenge [3]. Adsorption is one of the most promising 
techniques used to remove pharmaceuticals from water [4]. Diclofenac, ibuprofen and atenolol, are 
three of the most frequently detected pharmaceuticals present in wastewater. The first two are anti- 
inflammatory drugs used worldwide, while the last one is used as a beta-blocker. Polyacrylic acid 
(PA) is a hydrophilic polymer widely used as an adsorbent for metal ions, dyes and drugs. In a 
water solution at neutral pH, PA is an anionic polymer, i.e. many of the side chains of PA will lose 
its protons and acquire a negative charge. This makes PA a polyelectrolyte, with the ability to 
absorb and retain water and swell to many times their original volume [5]. Poly(1-vinyl imidazole) 
(PVI) is a basic polymer that contains two active centers. Due to its basic character, in can be 
protonated in certain pH conditions, and therefore successfully adsorb pollutants with opposite 
charge [6]. Both polymers are water-soluble and for this reason the addition of a cross-linker is 
required for use in adsorption of compounds from aquatic media. TRIM was chosen because it is a 
trifunctional monomer that can generate a complex network of macromolecular chains that will 
contain the drastic groups of AA and VI that can enhance adsorption. The aim of this study was to 
use copolymers with different AA/VI ratio and to evaluate their effectiveness to the chosen drug 
contaminates removal. 
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2. MATERIALS AND METHODS 
2.1. Materials 


All reagents, such as AA, VI and TRIM as well as pharmaceutical compounds (ATE, DIC and IBU) 
were supplied by Sigma Aldrich. All solvents used were of analytical grade and also supplied by 
Sigma-Aldrich. 


2.2. Synthesis of polymers 

The adsorbents used were synthesized using different AA/VI ratios by bulk polymerization and 
TRIM as the cross-linking agent. Briefly, AA and/or VI monomers were dissolved in ACN:CHC1 
(19:1, v/v). Then, cross-linking reagent (TRIM), and radical initiator (AIBN) dissolved also in 
ACN:CHCl; (19:1, v/v) were added to the reaction mixture. The solution was purged with nitrogen 
for 15 min and sealed. The mixture was subsequently polymerized in an oil bath under stirring, at 
60 °C for 2 h. The resulting polymers were washed with CHCl;, filtered and dried under vacuum. 
The final 5 polymers that were synthesized according to the described procedure and their 
composition, are presented in Table 1. 


Table 1: Materials prepared and their composition 


Material AA (mmol) VI (mmol) TRIM (mmol) ACN:CHCl; 
19:1 (mL) 
PA 16 0 16 40 
P(VI-PA) 25/75 12 4 16 40 
P(VI-PA) 50/50 8 8 16 40 
P(VI-PA) 75/25 4 12 16 40 
PVI 0 16 16 40 


2.3 Characterization techniques 

Fourier Transform Infrared spectra of the prepared copolymers (FTIR) were recorded with a Perkin- 
Elmer FT-IR spectrometer (model FTIR-2000, Perkin Elmer, Dresden, Germany). Infrared (IR) 
absorbance spectra were obtained between 450 and 4000 cm’ at a resolution of 4 cm’ using 20 co- 
added scans. Thermogravimetric analysis was carried out with a Setaram Setsys TG-DTA 16/18. 
Samples of 4.0+ 0.2 mg were placed in alumina crucibles. An empty alumina crucible was used as 
reference. All materials were heated from ambient temperature to 600°C in a 50 ml min ! flow of 
Nitrogen at heating rate of 20 °C min '. Continuous recordings of sample temperature, weight, and 
heat flow were performed. 


2.4 Adsorption — desorption experimental design 

Batch experiments were carried out using 1 g/L of adsorbent (m = 0.01 g of adsorbent’s mass were 
added to V = 10 mL of water in a conical flask). The influence of pH over the adsorption process 
was studied by mixing the sorbent with drug solution (10 mg/L). Immediately after mixing, the 
suspension was allowed to bind dyes by shaking for 24h. The temperature was maintained constant 
at 25+1°C using water bath (Grant). The pH value, 4, 6 and 10, was kept constant throughout the 
adsorption process. Methanol was used as a desorption solvent. 


2.5 LC-DAD-ESI/MS analysis 

The LC-MS system consisted of a SIL 20A auto sampler with the volume injection set to 20uL and 
LC-20AB pump both from Shimadzu (Kyoto, Japan). The separation of the analytes was contacted 
by a C18 (Restek) analytical column 150 4.6 mm with 5um particle size (Restek, USA). The 
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samples were analyzed using the ESI interface in positive and negative ionization mode. For the 
analysis, a gradient elution was performed by a binary gradient composed of solvent A (water with 
0.1% formic acid) and solvent B (methanol with 0.1% formic acid). 


3. RESULTS 


3.1 FTIR spectroscopy 

The prepared copolymers were first characterized by FTIR spectroscopy and the recorded spectra 
are presented in Figure 1. Furthermore, the characteristic peaks correspond to the functional groups 
of each one different monomer, as shown in Table 2. The presence of hydroxyls, carboxyls, 
carbonyls and the imidazole ring of PVI is confirmed, indicating the successful synthesis of the 
copolymers. 


P(VI-AA) 75/25 


P(VI-AA) 50/50 


Absorbance 


P(VI-AA) 25/75 


4000 3500 3000 2500 2000 1500 1000 500 
Wavenumber (cm) 


Figure 1: FTIR spectra of the prepared polymers 


Table 2. FTIR spectra peaks 


Wavenumber (cm ) Assignment 

3620 -OH 

2980 C-H 

1740 C=O 

1467 C=C or C=N 

1260 Ester C-O 

1150 Carboxylic C-O 
960 Imidazole C-H 
670 Imidazole C-H 

192 3" International Conference on Protection and Restoration of the Environment 


Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 
C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: 978-960-6865-94-7 


3.2 TGA analysis 
Thermogravimetric analysis was used to study the thermal stability of the materials. Mass loss 
curves are presented in Figure 2. 


—PA 
—— P(AA-VI) 25/75 
—— P(AA-VI) 50/50 
—— P(AA-VI) 75/25 
— PVI 


100 200 300 400 500 600 
Furnace temperature (°C) 


Figure 2: Mass loss curves oft he materials 


The temperature at which degradation begins (T;) and the temperature at which the degradation 
takes place in the highest rate (Tj), and are presented in Table 3. All 5 materials exhibit excellent 
thermal stability, since the degradation starts at 330 ° C and above. Introduction of the bulky 
imidazole ring in the polymer chain enhances the thermal stability of materials with optimum 
monomer ratio 50/50. 


Table 3. Characteristic thermal degradation temperatures of the polymeric materials. 


Material Ti CC) T, CC) 
PA 330 487 
P(AA-VI) 25/75 336 474 
P(AA-VI) 50/50 435 487 
P(AA-VI) 75/25 340 470 
PVI 385 487 


Up to 100 °C water is released in all 5 polymers. All materials degrade at two stages. The first 
degradation stage of PA at 300-370? C is probably due to polyacrylic acid, while the first 
degradation stage in PVI is of vinylimidazole, at temperature 320-390 °C. The second degradation 
stage begins after 400 °C, due to crosslinking, and is completed at 530 °C. The highly improved 
thermal stability of P (AA-VI) 50/50 can be caused by extensive networking and intramolecular and 
intermolecular bonds between the PA and PVI chains. 
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3.3. Effect of pH on adsorption 

According to adsorption experiments, atenolol which carries hydroxyl and amino groups, was 
absorbed only by the material with 10096 AA content. Adsorption varied from 20 to 6096 with a 
maximum at pH 10. The effect of pH and copolymer composition on the adsorption of atenolol is 
presented in Figure 3. 


Adsorption 

—m— Atenolol pH=4 
—s=— Atenolol pH=6 
—s=— Atenolol pH=10 


R (%) 


0 20 40 60 80 100 
AA content (%) 


Figure 3: Effect of pH and copolymer composition on the adsorption of atenolol. 
Diclofenac having reactive groups hydroxyl, amino and chloride molecules presented 
adsorption onto all materials with a maximum absorption at pH 4, for the material containing 100% 
AA (PA). Diclofenac’s adsorption was very high (73-100%) for all materials. The effect of pH and 


copolymer composition on the adsorption of diclofenac is presented in Figure 4. 
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Figure 4: Effect of pH and copolymer composition on the adsorption of diclofenac. 
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Ibuprofen presented 9596 adsorbance for pH 4 on PA. Desorption was notable mainly for 
copolymers with 25, 50 and 75% AA content. The effect of pH and copolymer composition on the 
adsorption of ibuprofen is presented in Figure 5. 


110 
100 Adsorption 
—m-— |buprofen pH=4 
90 —m— |buprofen pH=6 
80 —m— |buprofen pH=10 
70 
60 


50 


R (%) 


40 


0 20 40 60 80 100 


AA content (%) 
Figure 5: Effect of pH and copolymer composition on the adsorption of ibuprofen. 


A shifting of the peak was observed at PA’s spectrum after adsorption of atenolol due to 
hydroxyl groups, indicating the establishment of hydrogen bonds between the adsorbent and the 
drug. Similarly, the spectrum of PA after adsorption of diclofenac presents shifting at the hydroxyl 
peak. The absence of shifts of the peaks of PVI indicate that the absorption is probably due to 
electrostatic interactions. 


4. CONCLUSIONS 


Highly crosslinked and thermally stable polymeric adsorbents were successfully prepared with bulk 
polymerization. The homopolymers PA and PVI and their random copolymers successfully 
adsorbed 3 different drugs from aquatic media, with different optimum comonomer compositions as 
also different optimum pH conditions that depended on the molecular structure of each drug. 
Adsorption was found to occur both chemically, with hydrogen bonding proved by FTIR spectra, 
and physically or ionically, since both PA and PVI can act as polyelectrolytes that can bond 
ionically with ionized groups of the drugs. 
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Abstract 


The effect of co-immobilization of Chlamydomonas reinhardtii cells with graphene, graphene 
oxide, and graphene anthracene in calcium alginate on nitrate and phosphate uptake rate was 
studied and compared with nitrate and phosphate consumption of solely immobilized cells. The 
optimum conditions of alginate concentration, cell loading, bead diameter and light intensity for 
nitrate and phosphate uptake rates were investigated. Immobilized cells accomplished a 100% 
nitrate and 9096 phosphate removal. Furthermore, removal of phosphate and nitrate by immobilizes 
cells of microalgae C. reinhardtii were made in semi-continuous feed systems. The effectiveness of 
the process is maintained for more than five re-use cycles. 


Keywords: Chlamydomonas reinhardtii; nitrate; phosphate; immobilization; nanomaterials; alginate 


1. INTRODUCTION 


Large-scale production of wastewater containing nutrients like nitrate and phosphates have been 
identified as the main cause of eutrophication in natural waters. Eutrophication has become a major 
problem in water quality management. Secondary treatments of domestic and agro-industrial 
wastewater still release large amounts of phosphorus and nitrogen [1]. Wastewater treatment using 
autotrophic microalgae has been proposed as an economical process removing nitrogen and 
phosphorus at a high efficiency level. However, there are some disadvantages such as costly 
biomass harvesting and the need for large culturing areas [2]. 

Immobilization of microalgae in polymeric matrices appears to be one of the best techniques 
and is cost-effective for separating microalgae from their culture medium in tertiary wastewater 
treatment with microalgae [3-5]. Moreover, higher nutrient removal efficiencies by immobilized 
cells in comparison with free microalgae cell have been reported [6-9]. In addition to wastewater 
treatment, immobilized algae systems have several applications, which include metal removal, stock 
culture management and, production of useful chemicals [10]. Interaction between immobilized 
algae and the matrix, may include effects on cellular physiology [11]. The immobilization matrix 
could be a synthetic polymer (e.g. acrylamide, polyurethane), or a natural polymer (alginate, 
carrageenan, agar, collagen); but it must fulfill various requirements, such as photo-transparency, 
non-toxicity, retention of cellular viability, and stability in the culture medium [12]. Alginate is the 
most frequent polymer used for algal immobilization. Studies have adequately verified cell viability 
in the alginate matrix [13-16] and the effectiveness of nutrient removal by these immobilized algae 
[17-21]. Alginate provides a stable and functional matrix for cell immobilization that keeps cells 
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viable in terms of biological parameters including photosynthetic activity and chlorophyll (Chl) 
content [16, 22]. 

Nanoparticles (NPs) have attracted enormous attention due to their unique electronic, optical 

and magnetic properties. They are considered strategic materials for applications in the medical, 
electronic and food areas, among others [23]. The recently discovered carbon nanomaterial, 
graphene, is composed of sp2 hybridized carbon atoms arranged hexagonally in a two dimensional 
structure, resulting in a large surface area on both sides of the planar structure [24]. Due to their 
unique chemical and physical properties, graphene and its derivatives have found important places 
in their respective application fields [25-27]. Ggraphene-based nanomaterials increase the 
operational stability of biomacromolecules including enzymes [28]. 
In the present work, we examine the effect of alginate co-immobilization of Chlamydomonas 
reinhardtii cells with graphene based nanomaterials on nitrate and phosphate uptake. The optimum 
conditions of alginate concentration, cell loading, bead diameter and light intensity for nitrate and 
phosphate uptake rates were investigated. 


2. MATERIALS AND METHODS 


2.1. Microorganism and culture conditions 

An axenic Chlamydomonas reinhardtii strain CCAP 11/32C (Culture Collection of Algae and 
Protozoa) was used for the experiments. The strain was stored in solid Tris—Acetate—Phosphate 
(TAP) medium [29]. The cells were cultivated photoautotrophicaly in 3N-BBM medium in 250 ml 
Erlenmeyer flasks at 25 C under continuous illumination with white fluorescence lamps at 80 uE 


ms’, until they reached the mid-exponential phase of growth. 


2.2. Entrapment of microalgae C. reinhardtii cells in Ca-alginate beads 

The cells were harvested by centrifugation at 5000xg for 5 min, washed twice with TB (Tricine- 
NaOH buffered, 20 mM, pH 8), and resuspended in alginate solution (1-3 %, w/v). Graphene based 
nanomaterials (graphene, graphene oxide and graphene anthracene) was added at a final 
concentration of 10 ug ml! in the alginate cell suspension. The alginate solution was prepared by 
mixing 1 to 3 g alginate sodium salt in 100 ml of BBM medium without nitrate and phosphate. The 
pH was adjusted to 6.5-7.5 with a 10% (w/v) sodium hydroxide solution. Alginate beads were 
obtained by dropping the alginate cell mixture, through the lumen of an appropriate needle in order 
to achieve beads diameter from 1 to 6 mm, into a 0.1 M CaCl» solution at 4°C. After 30 min the 
beads were rinsed with fresh culture medium and used. 


2.3. Nitrate and phosphate uptake experiments 

Batch experiments for nitrate and phosphate uptake rates were carried out at 25°C in 250 mL 
Erlenmeyer flasks containing 100 ml BBM medium with modified concentrations of 1.5 mM 
NaNO; and 0.15 mM KH»POx. Beads containing C. reinhardtii cells and nanomaterials were placed 
into the flask (10%, w/v), and illuminated continuously with light according to the experimental 
requirements (5 to 120 uE m ? s ! measured at the flask surface). 


2.4. Analytical determinations 

Chlorophyll a concentration determination according to the method described by Eijckelhoff and 
Dekker [30]. Suspension of microalgae were centrifuged at 2500 rpm at 4 °C for 10 min and then 
rinsed with acetone (80%), then centrifuged again and analyzed using the mentioned method. 

For nitrate determination the method described by Diatloff and Rengel [31] was used. Phosphate 
was determined using method 4500-P E (ascorbic acid) as described in Standard Methods for the 
Examination of Water and Wastewater [32]. 
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2.5. Statistics 

Figures and Tables show means of three independent experiments. Each data point represents the 
mean of triplicates, and error bars represent S.E. of the mean. All of the control and experimental 
values were subjected to paired t tests. Significant levels for all analyses were set to p<0.05. All 
statistical calculations were done using OriginPro 8.0. 


3. RESULTS AND DISCUSSION 


3.1. Effect of graphene based nanometerials on nitrate and phosphate consumption by C. 
reinhardtii cells 

The nitrate and phosphate consumption of alginate-entrapped C. reinhardtii cells with graphene, 
graphene oxide and graphene anthracene was studied and compared with alginate-entrapped cells 
without nanomaterial. The initial cell loading in the gel beads was 1 mg dry cells per g gel (50 ug 
Chl per g gel) and 10 ug of nanomaterial per g gel. The nitrate and phosphate were consumed 
continuously from initial concentrations of 1.5 mM and 0.15 mM, respectively. The maximum 
uptake rates were 890-29 umole nitrate per g dry cells per day and 88+3 umole phosphate per mg 
dry cell per day for solely immobilized cells (Fig. 1). When the cells were immobilized in presence 
graphene and graphene oxide the nitrate consumption increased significantly reaching a rate of 
1000230 umole g' d' (Fig. 1). Similarly, higher phosphate uptake rates was observed for these 
nanomaterials, in particularly 10843 and 11043 umole mg" d“ for graphene and graphene oxide, 
respectively. Furthermore, alginate beads with graphene based nanomaterial not showing any 
significant nitrate and phosphate removal. The presence of graphene and graphene oxide at 
concentration of 10 mg per L in 3N-BBM cause an increase of chlorophyll content of C. reinhardtii 
cells although inhibiting slightly the growth (data not shown). In other studies, microalgal 
composites with multilayer graphene [26] or graphene oxide sheets [27] also achieved significant 
nitrate uptake rates, without being toxic for the microalgal cells. 
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Figure 1. Nitrate (black columns) and phosphate (Grey columns) uptake rates by co-immobilized 
algal cells of Chlamydomonas reinhardtii with nanomaterials. Control represents 
immobilized microalgae without nanomaterial. Bars represent +1 SE. Means within a 
column for each treatment followed by the same letters do not differ significantly from 
each other. Means within a column followed by asterisk differ significantly from control. 
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3.1.3. Effect of cell loading and alginate concentration on nitrate and phosphate uptake 

The concentration of alginate suspension determines the diffusion of substrates through the 
matrix. The variation of nitrate and phosphate uptake rates according to alginate concentration in 
the range of 1 to 3 96 (w/v) was studied. The initial cell loading in the gel beads was 1 mg dry cells 
per g gel (50 ug Chl per g gel) and 10 ug of graphene oxide per g gel. An increase in the alginate 
concentration does not affect significantly the consumption rates of nitrate and phosphate by cells at 
this range. Similarly, Garbayo et al. showed that a slightly decrease on the consumption rate of 
nitrate by immobilized Chlamydomonas einhardtii cells occurred when the alginate concentration 
increased from 3 to 6% (w/v) [23]. In order to have better mechanical stability of the beads, 3 96 
(w/v) alginate in the immobilization procedure has been chosen for the next experiments. 
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Figure 2. Nitrate uptake from medium as residual concentration by different concentration of 
immobilized Chlamydomonas reinhardtii cells with graphene oxide in alginate beads. 
Concentration of mg cells per gram of alginate: 1 (m), 2 (0), 4 (A) and 8(A). Bars 
represent +1 SE. 
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Figure 3. Phosphate uptake from medium as residual concentration by different concentration of 
immobilized Chlamydomonas reinhardtii cells with graphene oxide in alginate beads. 
Concentration of mg cells per gram of alginate: 1 (m), 2 (©), 4 (A) and 8(A). Bars 
represent +1 SE. 
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The effect of cell loading (1 to 8 mg dry cells g' gel and 10 ug of graphene oxide g' gel) on 
nitrate and phosphate removal was also studied. As shown in Figure 2 nitrate removal increased as 
the initial cell loading increased. In particular, nitrate removal was 22%, 64%, 74% and 93% after 2 
days for cell loading 1, 2, 4 and 8 mg dry cells per g gel, respectively. Similarly, phosphate removal 
increased according to initial cell loading, reaching a plateau at 4 mg dry cells per g gel. When the 
cell loading was 1 mg dry cells per g gel 29% of initial phosphate had been removed after 2 days. 
Furthermore, the phosphate removal increase to 9096 for 2 mg dry cells per g gel and reached 10096 
for higher cell loading. However, the nitrate and phosphate uptake rates per cell reached maximum 
values (48 and 5,9 umole mg” of cells, respectively) at cell loading 2 mg dry cells per g gel and 
then decreased as cell concentration in the gel increased. These data suggest a significant 
influence of shading effect caused by the outermost cells ofthe beads. A similar profile for 
nitrate uptake and light-dependent oxygen production by immobilized Chlamydomonas reinhardtii 
cells has been observed previously [12]. High cell loading produces two simultaneous effects that 
slow down the nitrogen uptake a 'shading' effect produced by the outer cells in the beads over the 
internal ones, which are not able to sustain the photosynthetic activity and the diffusion of nutrients 
is difficult because consumed mostly by the outer cells, which also delay consumption of oxygen by 
the inner cells [33]. The cell loading used for further experiments was 8 mg dry cells per g gel. 


3.1.4. Effect of alginate beads diameter on nitrate and phosphate uptake 

The effect of alginate beads diameter on nitrate and phosphate removal was investigated. Nitrate 
and phosphate uptake rates increased with decreasing size of the alginate beads for diameters from 
6 to 3 mm, while further diameter reduction did not affect the uptake rates significantly (Figure 5). 
In particular, the nitrate uptake increased from 54015 uM nitrate d! at 6 mm beads diameter to a 
rate of 815420 uM d' at 3 mm beads diameter. Similarly, the phosphate uptake increased from 
5442 uM d'! at 6 mm beads diameter to a rate of 85+2 uM d'! at 3 mm beads diameter. These data 
suggest that increasing size of beads enhances the substrate diffusion limitations and the shading 
effect of cells located near the surface ofthe bead overthe internal ones, thus decreasing the 
nitrate and phosphate uptake rates. 
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Figure 4. Effect of alginate beads diameter on nitrate and phosphate uptake rate by co- 
immobilized algal cells of Chlamydomonas reinhardtii with graphene oxide. Bars 
represent +1 SE. Means within a column for each treatment followed by the same letters 
do not differ significantly from each other. 
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3.1.4. Effect of light intensity and quality of light on nitrate and phosphate uptake 

The nitrate and phosphate consumption rate of immobilized cells in presence of graphene oxide was 
observed under blue and red light at 60 pE m ? s '. When the cells illuminated with red light the 
nitrate uptake rate decreased at 3096 of the maximum uptake rate determined for white light. 
Similarly, a decrease in nitrate consumption was observed when the immobilized cells were 
exposed to blue light illumination (6096 of the maximum consumption). The phosphate uptake rate 
was negligible in both red and blue illuminations. The results is in agreement with previous 
observations [16]. The effect of light intensity of white light on nitrate and phosphate uptake rates 
of immobilized cells is illustrated in Figure 4. The nitrate and phosphate uptake rates shows a 
significant and progressive increment as the light intensity increases from 5 to 120 uE m? s. The 
maximum nitrate and phosphate consumption rates were observed under 120 uE m? s™ were 
1080430 and 1204 uM d“, respectively. At higher light intensity not a significant consumption 
increment was observed, indicating light saturation of the active microalgae cells in the specific 
system. 
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Figure 5. Influence of light intensity on nitrate (black columns) and phosphate (grey columns) 
uptake rates by co-immobilized algal cells of Chlamydomonas reinhardtii with 
graphene oxide. Bars represent +1 SE. Means within a column for each treatment 
followed by the same letters do not differ significantly from each other. 


3.1.4. Nitrate and phosphate uptake in fed-batch conditions 

Alginate entrapped C. reinhardtii cells with graphene oxide were tested for nitrate and phosphate 
uptake over 5 cycles (Table 1). The average cell loading within the beads was 8 mg dry cells per g 
gel. Afterwards, five sequencing batches were performed with initial concentrations 1.5 mM 
NaNO3 and 0.15 mM KH PO, in every cycle. 
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Table 1. Nitrate and Phosphate uptake rates and total consumption over five repeated cycles of co- 
immobilized algal cells of Chlamydomonas reinhardtii with graphene oxide. Means 
within a column for each treatment followed by the same letters do not differ 
significantly from each other. 


Cycle Uptake rate (umole g d`) Total Consumption (mg L` ) 
Nitrate Phosphate Nitrate Phosphate 

1 1485+40° 169+9 21324 26-1 

2 1406+60° 13047 41146 5242 

3 1509+15° 8847 61149 76+4 

4 1375430 50+6 803418 91+5” 

5 1250+27 23+6 987232 9445° 


The nitrate consumption rates over the first, second and third periods were similar, decreasing 
slightly over the last two batches (about 80% in the fifth cycle). The total removal of nitrogen was 
reached 1000 mg L” after 5 cycles. The phosphate removal rates was 169+9 umole g !d'! at the first 
cycle, decreased 25% at the second cycle and dropped continuously in the next cycles. The total 
removal of phosphorus at the end of the 5" cycle was 94 +5 mg L”. 


4. CONCLUSIONS 

In conclusion, we have shown that calcium alginate-entrapped cells of Chlamydomonas reinhardtii 
in presence of graphene based nanomaterials, especially with graphene oxide, increases nitrate and 
phosphate uptake rates significantly. Co-immobilization of photosynthetic microalgae with 
nanomaterials in natural polymers could be an interesting tool to be applied in specific nitrate and 
phosphate removal processes. Furthermore, the overall process incorporates green chemistry 
principles in using naturally available resources, such as microalgae and graphite, for wastewater 
treatment, in removing all traces of nitrate and phosphate from liquid effluents, more efficiently 
than the alone microalgal cells. 
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Abstract 


In the present work the effectiveness of applying a farm of Wave Energy Converter (WEC) with the 
simultaneous implementation of the beach nourishment method, for coastal protection against 
erosion, is numerically investigated. DEXA WEC was chosen as the most suitable for the present 
case study. A main aim is to obtain an ‘optimal’ design of each device and of the layout of the wave 
farm, in order to reduce the wave energy transmission. The simulation of the wave transformation 
behind the WEC farm, the breaking wave induced currents and the sediment transport, is based on 
existing numerical coastal hydro-morphodynamics models. The results of the models demonstrate 
the effects of the WEC farm on the reduction of the sediment transport that leads to coastal erosion 
and the effectiveness of the DEXA layout to protect the artificially nourished coast. 


Keywords: Wave Energy Converters; DEXA; coastal protection 


1. INTRODUCTION 


Over the past decades the problem of coastal erosion has expanded and it is expected to be more 
intense as a result of the climate change and the sea level rise. The solutions used so far to confront 
this problem have been basically constituted of ‘hard’ and ‘soft’ conventional methods such as 
emerged and submerged breakwaters, groins etc, combined with the method of beach nourishment. 
However, even the ‘soft’ methods, which are considered environmentally friendly, are not able to 
face the expected sea level rise because they are becoming less efficient, while increasing the water 
level [1]. Additionally, the installation of breakwaters is in some cases inapplicable in terms of 
constructability and economically unprofitable. 

The purpose of this paper is to examine whether a farm of Wave Energy Converters (WEC) 
combined with the method of beach nourishment can be applied instead of conventional methods in 
order to protect the beach *Vrahakia", in the coast of Itea, against erosion. 

DEXA WEC was chosen as the most suitable device for the present case study. DEXA is a 
floating WEC that belongs to the Wave Activated Body (WAB) type, where the energy production 
is based on the relative movement of its components (www.dexawave.com). DEXA is an 
environmentally friendly device, since it has been designed in such a manner that sea animals 
cannot get squeezed, trapped or injured, while as a floating device does not prevent the circulation 
of waters. In addition, its hydraulic system uses water, which does not pollute the environment if 
there is a leakage [2]. 

A proper design of the method refers to the installation of a farm of Wave Energy Converters 
(WEC) combined with the method of beach nourishment, requires the use of existing advanced 
mathematical models [3], capable of simulating the complicated hydro-morphodynamic processes 
of the near shore region (including swash zone), such as wave propagation, wave-induced current, 
sediment transport by waves and currents and bed morphology evolution. The present coastal 
engineering model consists of several modules describing the wave field, the spatial distribution of 
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wave-induced currents, the associated sediment transport fluxes, and, finally, the resulting spatial 
and temporal changes of the bed level. The model that is used in the present study consists of three 
main modules: WAVE-L, WICIR and SEDTR [3]. 


2. DEXA LAYOUT 


DEXA device is a floating structure and its efficiency in protecting a coastal zone from erosion can 
be compared to that of a floating breakwater. These structures partially reflect and partially 
dissipate the incident wave energy, so that the wave transmission is significantly reduced, at least 
for wave periods smaller than the period considered for the design of the floating structure[4 ]. 
Unfortunately, they can be used for coastal protection purposes only where the wave climate is 
particularly mild [1]. 

It is clear that the energy absorbing effect of a WEC, such as DEXA, reduces the wave height 
at its leeward side. The amount of this reduction depends on the amount of absorption (absorption 
coefficient) and the geometry (length and width) of the WEC, as well as on the incident wave 
climate [5]. 

The aim of this study is the “optimal” design of the DEXA device and of the layout of the 
WEC farm for coastal protection purpose and for this reason the following guidelines [6], based on 
the experimental results obtained from experiments conducted at Aalborg University, DK [4][6][7] 
were taken into account: 

A) The design of the device should consider that: 

e The device’s length, /, has to be ‘turned’ on the basis of the local peak wave length and, 
specifically, the condition //Lz1.0 (L: wave length corresponding to the peak period) has to 
be assured for most of the year, since it leads to the best compromise between wave 
transmission and power production performance. 

e If other design features are kept constant, a heavier system gives a better result as far as the 
decrease of the incident wave energy. 

e For oblique waves the transmission coefficient, Ky, decreases [4]. 


B) The farm layout should: 

e Benefit from the interaction between the devices, that would be enhanced by reducing the 
gap width up to the minimum distance required (3b, b: device width) to let the devices and 
the moorings freely moving; the reduction in gap width leads also to an economic 
optimization of the farm layout, being less marine space required to deploy the devices for 
the same target energy production; 

e Place the devices staggered-in cross-shore direction, so that the devices are still reached by a 
great amount of residual wave energy and again lead to a more compact layout; 

e Be repeated along the cross-shore direction to provide an appreciable sheltering effect. 


Device Length 
The optimal length of the device is calculated according to the above guidelines, so that the 


ratio //L (l: length of the device, L: wave length) will be close to or even bigger than 1.0 for the 
biggest part of one year period [6]. The “optimization process" focuses on South and South-West 
winds which are stronger and more frequent in the coast of Itea. Especially for the South-West 
wind, the //L values for most wind intensities, reach and exceed the unit (Table 1), and in 
combination with the large wave steepness of South-West ripple due to the small footage spread 
and the strong winds, guarantee low values of the transmission coefficient, Kr. 

The dimensions of the device are shown in Figure 1 below (1230m, bz11m). 
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Table 1: Ratio of //L for S, SW and SE winds 


S SW SE 
1.201009 1.559657 1.282983 
0.856531 1.250521 1.02522 
d 0.795798 1.029972 0.849425 
nd 0.683356 0.882145 - 
- 0.68584 - 
0.489484 0.619579 - 


DO LA pe 


Figure 1. Dimensions of the DEXA device. 


Installation angle 
The results of a set of tests at Aalborg University show that there is a certainly reduction of wave 
transmission with increasing obliquity [4]. 

In order to minimize the value of the transmission coefficient, Kr, the orientation of the devise 
relative to the South direction is selected equal to 15 degrees. Therefore, the orientation of the 
device relative to the South-West direction is equal to 30 degrees (Figure 2). 


Ji SW | 4s 


Figure 2. Installation angle of the DEXA device. 
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Layout of DEXA farm 

The results of the tests took place at Aalborg University combined with the results derived from 
Mike 21 [7] demonstrated that the influence of the device of the first row relative to the devices of 
the second row, completely disappears within a length equal to / (length) of the device. This 
distance between the devices of the first and second row is necessary because the wake of the 
devices of the first row could dramatically reduce the performance of the devices of the back line 
[7]. The distance between the DEXA devices in a row and the in-between distance of the rows will 
determine the total impact of the farm on the wave climate and on the surrounding users of the sea 
and it should be as small as possible to reduce also the cost of the farm [5]. 

Moreover, it was found that the gap between the devices within the farm is crucial for ensuring 
a reduced transmission coefficient, Ky. Specifically, the smaller the gap the greater the reduction of 
the incident wave energy, due to the phenomenon of diffraction and superposition of the diffracted 
waves. However, the safe distance between two devices of the same line is from 2.5 to 4 times the 
width of the device, so as to ensure that there will be no problem in the operation of the mooring 
systems [6]. 

Therefore, it is possible to reduce up to 4096 the wave height which is transmitted from the 
«farm» of DEXA, achieving a transmission coefficient, Kr, of the order of 0.6. 

So, in the case study of the coast of Itea (Figure 3), the distance between devices of the same 
line is selected equal to 3b, i.e. equal to 33m and the distance between the front and back line is 
selected equal to / = 30m. According to the above dimensions, a total of 31 devices of the same size 
and same efficiency is estimated to be placed in the areas, with 15 devices in the outer line and 16 
in the inner line. 


Google earth 
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Figure 3. Farm of DEXA WEC and coast of Itea. 
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3. MODELS DISCRIPTION 
3.1 WAVE-L module 


The module consists of the following hyperbolic-type mild slope equations: 


ot Ox Oy 
Ww , 10(c^m) 1 gn ad oU? eU; 


Q O(Uw d O(Vw d 
n 9Qwd | 9(Wwd) _ 9 


ðt ^d ôx  dcosh(kd)óy "og "oy Ow 
aVw , 102) 1 gn od OV, ov. 
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where 7 is the surface elevation, Uy and Vw are the mean velocity along x and y directions, d is the 
water depth, c is the celerity, c=L/T, fy a friction factor and vy is a horizontal eddy viscosity 
coefficient [8] estimated [9]. The loss of energy due to the effects of breaking is introduced with a 
dispersion term in the right-hand side of momentum equations (Eq. 1). 


The following boundary conditions are applied in the model: 

(a) A sponge layer boundary condition, which is used to absorb the outgoing waves in the four 
sides of the domain [10]. 

(b) A total reflection boundary condition (Uw or Vw = 0) due to the existence of vertical structures 
is incorporated in the model. 

(c) Partial reflection by introducing an artificial eddy viscosity coefficient, Vp. 


3.2 WICIR (Wave Induced CIRculation) module 

The loss of energy because of the wave breaking, combined with the influence of refraction and 
diffraction, leads to the creation of coastal wave currents. 

For simulating near-shore currents in the coastal zone the depth- and shortwave-average two- 
dimensional (2D) continuity and momentum equation (Eq. 2) [8] are used. 

e (Uh) " O(Vh) um 

ot Ox Oy 


os 
U uiy, 1 OS v) 1 (Ee nee NUT 
a e e e phi Ox oy j} hox Ox) hoy Oy ) ph ph 
OS, oS l 
V EIOS gx ON oe b Pasta Sa Mea Een 2 "me TRU (2) 
aA wk dx ~& phil ex oy) hoxl" Ox) həy)” Oy, ph ph 


where Sx, Sy, and S,, are the radiation stresses, ¢ is the mean water surface elevation, h is the total 
depth (h= d+¢), U, V are the current horizontal velocities and t&, and t», are the bottom shear 
stresses. 

Radiation stresses are calculated from linear wave theory equations (Eq. 3) [11], without the 
assumption of progressive waves. Eq. 3 can be used for coastal areas where the waves are subjected 
to the combined effects of shoaling, refraction, diffraction, reflection (total and partial) and 
breaking. 
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In a current model the treatment of the bottom stress is critical. In order to calculate the bottom 
shear stresses the total wave velocities at the bottom (uy , vp) are used. The expression for the time- 
average bottom shear stress in the current model is written below, 


1 2 2 
Thx = 5 Pew «u,y4u, tV, > 

1 2 2 
Tiy = 5 Plow <v, yu, tv, > 


where few is the friction coefficient that depends on the bottom roughness and on the orbital 
amplitude at the bed. 


(4) 


3.3 SEDTR (SEDiment TRansport) module 

The SEDTR module is used for the prediction of the sediment transport and, finally, for the 
calcualtion of the resulting spatial and temporal changes of the bed level. The submerged weight 
transport rates, qx: in the x direction and qy in the y direction are given by [8], 


dxc- dy, ui 
y= dy, ty (5) 
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where 9 is the angle of internal friction, £ẹ and g, are the bed and suspended load efficiency factors, 
u, = uz +v? (Up=Up(t), vo-vo(t) are the total flow velocities at the bottom), dx and dy are the bottom 


3/2(1-h/H) ) is 


slopes, œ, =< sho pu," > and œ (o, =o, - De the total rate of energy dissipation. 


212 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


The near-shore morphological changes are calculated by solving the conservation of sediment 
transport equation: 


d 1 Q ôq „qı 
0 | Qs NE S (6) 


& (l-p)| & ð 


where qix, qy are the volumetric long-shore and cross-shore sediment transport rates and p is the 
porosity of solids of the sediment (p~0.4). 


Table 1: Equivalent wave height He and wave period T. on an annual basis. 


Table 1 South wind 
Hii Tyi He Te 
5E U(m/s) t% (m) (sec) (m) (sec) 
4 6.7 2.988 0.58 3.51 
5 9.3 1.551 0.81 3.92 
6 12.3 0.787 1.07 4.32 
7 15.5 0.376 1.35 4.67 0.86 3.84 
8 18.9 0.091 1.64 5.00 
9 22.6 0.011 1.97 5.31 
10 26.4 0.011 2.3 5.60 
Sum 5.815 


Table 2: Equivalent wave height He and wave period Teon an annual basis. 


Table 2 South-West wind 
Hii Tyi He Te 
is me di (m) (sec) (m) (sec) 
4 6.7 1.106 0.71 4.00 
5 9.3 0.354 0.99 4.47 
6 12.3 0.114 1.30 4.92 
7 15.5 0.034 1.64 5.32 0.93 4.22 
8 18.9 0.011 2.00 5.69 
9 22.6 0.000 2.39 6.04 
10 26.4 0.011 2.80 6.37 
Sum 1.630 
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Table 3: Equivalent wave height He and wave period Teon an annual basis. 


Table 3 South-West wind 
Hii Tpi He Te 
PR Duva) P (m) (sec) (m) (sec) 
4 6.7 0.707 0.68 3.87 
5 9.3 0.080 0.94 4.33 
6 12.3 0.011 1.24 4.76 0.72 3.93 
7 15.5 0.000 1.56 5.15 
8 18.9 0.000 1.91 5.51 
Sum 0.798 


4. APPLICATION 


The above model was used in order to investigate the effectiveness of applying a farm of DEXA 
WEC combined with the method of beach nourishment. The study area is located near the city of 
Itea, Greece, at a coastal area named *Vrahakia". In this coastal area we assume that the method of 
beach nourishment has been applied in order to create a sandy beach for recreation reasons. 


Using the wind data from the specific area from the Greek Meteorological Service and applying the 
Jonswap wave prediction method the significant wave heights, H,, the peak period, Tp, and the 
frequencies of the equivalent open sea waves were calculated. 


The main incident wind directions are: South, South-West, and South-East. The equivalent wave 
height, He, (Table 1-2-3) on an annual basis is calculated according to [12] using the following 
expression: 


2 LHS Tif, 
H/T,.=—— (7) 
pi 


where, His, Tpi, f; are the height, the period and the frequency of the waves that correspond on the 
various levels of wind intensity from each incident direction. 

The following methodology has been adopted: First, the initial nourished bathymetry was 
introduced in the model and the wave and the wave induced current field is calculated. The results 
are used by the sediment transport model for the calculations of the sediment transport rates. 
Finally, the bathymetry was updated according to the sediment transport, by solving the 
conservation of sediment transport equation. This procedure was repeated until the state of 
equilibrium was reached or after a specific period. 


4.1 Simulation of Dexa farm in the module 

The loss of energy because of the DEXA WEC’s layout is simulated by introducing an artificial 
eddy viscosity coefficient, vy, within the area in which the devices are placed (Figure 4). An 
appropriate value of the vp coefficient was introduced in order to achieve reduction of incident wave 
heights and result to a transmission coefficient, Kr, of the order of 0.6. 


214 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


SS ÀH——— 


200 400 600 800 1000 1200 1400 1600 1800 2000 


Figure 4. Area where partial reflection is introduced. 


4.2. Model Results 

In Figures 5 and 6 wave height and breaking wave induced current field is presented. The DEXA 
devices reduce the wave field and the intensity of the long shore currents, leading to the reduction 
of sediment transport and to the protection of the nourished coast. In Figure 7 the long-term bed 
morphology is shown, verifying the stabilization of the new nourished bathymetry and consequently 
the protection of the coast. 
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Figure 5. Wave height and wave induced circulation for South wind. 
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Figure 6. Wave height and wave induced circulation for South-West wind. 
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Figure 7. Long-term bed morphology evolution. 


5. CONCLUSIONS 


In the present work, the effectiveness of applying a WEC farm with simultaneous coastal protection 
from erosion is investigated. The DEXA WEC was chosen as the most suitable device, while the 
study area is located near the city of Itea, Greece. The results of the numerical models verify the 
effects of the WEC farm on the reduction of both the incident wave and the intensity of the 
longshore currents, even for relatively large transmission coefficient (of order of 0.6), leading to the 
reduction of sediment transport and to the protection of the nourished coast. 
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Abstract 


Low crested breakwaters are used to protect beaches from wave action. A series of large scale 3D 
laboratory experiments were carried out to investigate the effects in wave characteristics 
(disturbance) around a system of two non-parallel, permeable, low crested breakwaters by oblique 
wave incidence. The transmission and reflection coefficients were calculated and compared to 
existing formulae. The existing formulae, for both phenomena, transmission and reflection, had 
good relation in some cases. The angle of wave incidence did not show important influence for the 
wave transmission while is affected the wave reflection. The influence of wave period must be 
investigated in wave transmission and the influence of wave height in wave reflection. 


Keywords: wave transmission; wave reflection; low crested breakwater; physical model. 


1. INTRODUCTION 


Systems of Low Crested Structures (LCS) are used to protect and to restore eroded beaches. 
Functional design of low crested breakwaters requires an accurate prediction of wave transmission 
and set up in the sheltered area. The wave reflection is a secondary consequence from the 
construction of the structure at the non-protected sea area. The hydrodynamics around LCS's is 
complicated. The phenomena of shoaling, diffraction, wave breaking, wave penetration through the 
openings, wave overtopping e.t.c. affect the wave climate especially in the sheltered area. Many 
series of 2D wave tests were carried out in the past, to investigate both phenomena transmission and 
reflection. In this paper experimental data of 3D tests, of a system of two low crested breakwaters, 
non parallel to the shore, are presented and compared to existing formulae. In some cases 
experimental results had surprising good relation to the empirical formulae, as the design of the 
structures was complicated and other phenomena affect the collected data. 


2. WAVE TRANSMISSION AND WAVE REFLECTION 


2.1 Wave transmission at rubble mound LCS 

Wave transmission is defined by the transmission coefficient K, which is the ratio of the 
transmitted to the incident significant wave heights (e.g. H, and H; ) and represent the transmitted 
energy from the open sea to the sheltered area between the breakwater and the shoreline. 


H 
| qu er (1) 
H, 
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The estimation of this coefficient is crucial in the design of the protecting structures. For this 
reason, many formulae are developed, based on 2D physical models and are used in engineering 
practice, with their own limitations. 

A series of large scale 3D laboratory experiments were carried out to investigate the effects in 
wave characteristics (disturbance) around a system of two non-parallel, permeable, low crested 
breakwaters, by oblique wave incidence. In this study we will present the comparison of the results 
obtained by the previous experiments t the formulae developed by Van der Meer and Daemen [1] 
and d' Agremond et al. [2], in accordance with the reanalysed formula [3]. 

The main parameters describing wave transmission are: 


i= the incident significant wave height, at the toe of the structure 


H; = the transmitted significant wave height, at the sheltered area 
T,= the peak period 

Sop= 2xH/ eT, ), the wave steepness 

h.- the structure total height 

B= the crest width 


R.= the freeboard 

Daso = the mean diameter of the armour rock 
tana = the slope of the structure(seaward) 
Cop = tan a/ (Sop ye the Iribarren parameter 


The following equation is proposed by Van der Meer and Daemen, for traditional breakwaters: 


sg op (2) 


n50 
where 


H; 


H, 
a=0.031—+-0.24 and 5--542s, 40.0323 


n50 n50 


á 1,84 
ELI | +0.51 


n50 


The following equation is proposed by d' Agremond et al., for submerged and low crested 
breakwaters: 


L 


-0.31 
R 
K, =—0.4— + Lr (L-e) à) 
H H 


i 


0.075 € K, € 0.75 and 0.075 € K, € 0.8 for Eqs (1) and (2) respectively. 


An improved formula is proposed for B/H; >10, for smooth structures, as follow: 


—0.65 
R + es ees) (4) 
H H. 


L 


K, =-0.35 


i 


2.2 Wave reflection at rubble mound 

Wave reflection was not considered to be an important factor especially for rubble mound structures 
and only recently is under investigation. The wave reflection is defined by the reflection coefficient 
K,, which is the ratio of the reflected to the incident significant wave heights (e.g. H, and H; ) or the 
square root of the reflected energy to the incident wave energy (E, Ei) 


H E 1/2 
AE em (5) 
H, E, 
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The comparison of the experimental data is chosen to be done with the formulae proposed a) by 
Muttray et al. [4] and b) by Zanuttigh and Van der Meer [5]. The Mutrray et al. formula depends 
only from the relative depth d/L,, where: 
d= the depth at the toe of the structure 
Lop = T, ?/2z , the wavelength according to the peak period Tp 


The proposed formula by Mutrray et al. is: 


K, =1/[1.3+ 6zld / L, )| (6) 


The proposed by Zanuttigh and Van der Meer formula is: 


K, = tanh(A - é,” ) (7) 


(7) 


Where : A=12 and B=0.87 


3. EXPERIMENTAL SET-UP 


A 3 D physical model of two low crested breakwaters was constructed in a wave basin at the 
Laboratory of Harbour Works, National Technical University of Athens to investigate the 
protection and restoration of a beach under a geometrical scale of 1:40. To investigate the 
hydrodynamic performance of the breakwaters only, modification were done to isolate the response 
of the beach. A absorbing rip-rap was constructed. Each breakwater was 2.50 m long. The azimuth 
of the breakwater’s axis were 8° and 350° for B1 and B2 respectively. Then wave measurements 
were conducted under oblique wave attack to calculate the transmission and reflection coefficients 
at the two breakwaters. The angle of the wave incidence had a 300° azimuth. For the needs of this 
study 15 wave gauges were used. The layout of the experiments and the locations of the wave 
gauges are presented at Figurel. The transmission coefficient is calculated in the middle of the each 
breakwater, where H, and H; are the measured wave heights behind and in front of the breakwater 
respectively. The reflection coefficient is calculate, in front of the breakwaters, at the middle of 
them, using 4 wave gauges. Typical cross section of the experimental set-up in the wave basin is 
presented in Figure 2. 


For the reproduction of the waves, a 3 paddles wave generator was used, producing JONSHAP 
type spectra with a peak enhancement factor of 3.3. Resistive type wave gauges and sound sensors 
collected wave data under a 50Hz sampling rate throughout the entire 600 sec duration of each test. 


Measurements carry out for 8 different wave peak periods, from T,=0.48 sec to Tp= 1.52 sec in 
model, at three different water depths. For each wave period from 1 to 3 wave heights were tested. 
Waves from the 3 higher periods were broken seaward the breakwaters. Totally 72 tests were 
conducted. The geometrical parameters of the breakwaters B1 and B2 are presented at Table 1. 
Wave measurements were analysed using “HR Wave Data"- Data Acquisition and analysis software 
program with Fast Fourier Transformation method. Wave spectral and statistical parameters were 
obtained. 
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absorbing rip-rap 
sm Re DUE E 
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Figure 1. Layout of the physical model and locations of wave gauges 


Wave gauges 


Figure 2. Typical cross section of the experimental set-up 


Table 1. Geometrical parameters of Breakwaters B1 and B2 


Data Wave B hc Rc d —-— Daso 
set direction (^) (mm) (mm) (mm) (mm) (mm) 
B1.1 22 112.5 153 55 98 2:9 30 
B1.2 22 112.5 153 35 118 2.5 30 
B1.3 22 112.5 153 15 138 2.5 30 
B2.1 40 112.5 138 50 88 2:9 30 
B2.2 40 112.5 138 30 108 2.9 30 
B3.3 40 112.5 138 10 128 2.5 30 
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4. DATA ANALYSIS - RESULTS 


4.1 Wave transmission 

The freeboard of the structure play an important role at the system performance, for this reason is 
chosen as the main parameter. For each data set the transmission coefficient K, is calculated and 
plotted versus the relative freeboard R/H; at the toe of the structure. To compare the performance of 
each breakwater it is plotted also the transmission coefficient of B1 versus the transmission 
coefficient of B2. (See Figure 3a and 3b). From Figure 3a it is observed that for R./H;>4 the 
transmission coefficient is stable ~0.2. From both figures 3a and 3b it is observed that in most cases 
the transmission coefficient of B2 is lower than K, of B1. It is noted that the crest of B2 is lower 
than the crest of B1. That may occur because B2 is in the shadow of B1 during this direction of 
wave incidence. Only in higher values of the transmission coefficient at the sheltered area of B2 is 
higher that these at B1.These values are observed in small relative freeboards and the protection by 
the B1 to the B2 is limited. 

Next step is the comparison of the measured transmission coefficient, to the formulae proposed 
by a)Van der Meer and Daemen and b) d’Agremond et al. During the analysis, it is observed that, d' 
Agremond et al. formula produces many negative values and underestimates the values of K, 
measured. According to the formula exists a lower limit, arbitrary proposed. The formula was 
developed analysing data from submerged breakwaters mainly. To validate the results, the relative 
errors were calculated (measured values minus calculated values) for both formulas, taken account 
the negative values and plotted versus the relative freeboard (See Figure 4). 

From Figure 4 it is observed a systematic linear error for the d’ Agremond et al. formula with 
the parameter R-squared = 0.945 (absolute linearity). To investigate the error, they were plotted the 
transmission coef. (measured and calculated) and relative errors versus relative freeboard, for 
RJHi;«0.70 and for R/H;>0.70 respectively (See Figure 5a and 5b). 

Relative errors, for both sub-datasets and the total dataset indicate that not significant 
differences between the slope of the trend line and the constant value obtained by the analysis. The 
only difference was at the R?, with an acceptable level of errors when RJH;«0.70. As is was 
observed the exponential factor of the formula was correct. The relative freeboard's factor of the 
formula, was corrected by introducing the function of the error and the modified - corrected formula 
d' Agremond et al., reads: 


zB. 
H, 


t 


K, = 0.0391 


R 
H, 


-0.31 
i rosd | dae 59 )2E0.1079 (8) 


The influence of the relative freeboard in Equ. (8) is very small. The transmission coefficient K, 
is recalculated according to Equ. (8). The measured and calculated values of the transmission 
coefficient versus the relative freeboard are presented in Figure 6a. At Figure 6b the calculated 
values versus the measured values of K, are plotted. 

As it is observed Van der Meer and Daemen formula has a very good agreement with the 
measured values especially when the relative freeboard is high (R./Hi> 4). For broken waves 
seaward the breakwaters, and for low freeboards the Van den Meer formula underestimates the 
phenomenon. The corrected d' Agremond formula has a very good agreement, with the measured 
values, at low relative freeboards (R./Hi< 4). The Equ. (8) must be validated by other experiments. 
The angle of wave incidence doesn't seems to play an important role in wave transmission. The 
highest values of K, were observed with small relative freeboars and waves broken seaward the 
structures. The relative depth as a new factor may be introduced to the formulae. 
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Figure 3. a) Transmission coefficient a) versus relative freeboard b) of B1 versus B2 
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Figure 4. Relative errors of transmission coefficient versus relative freeboard 
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4.2 Wave reflection 

For each data set the reflection coefficient is calculated using 4 wave gauges, as it is described by 
the appropriate routine of “HR Wave Data”- Data Acquisition and analysis software program. The 
wave reflection at rubble mound structures, was correlated to Iribarren parameter (&,) and to relative 
freeboard. The Zanuttigh and Van der Meer formula is a simple formula correlating the Iribarren 
parameter to the wave reflection in front of a rubble mound structure. In contrary Myttray et al. 
correlated the reflection coefficient to the relative depth, totally independent of the wave height. 
The reflection coefficient (measured in front of B1 and B2 and calculated by both previously 
mentioned formulae) are plotted at Figure 7a) versus the relative freeboard and b) versus the 
Iribarren parameter. From Figures 7a and b is observed that the Zanuttigh and Van der Meer 
formula underestimates the measured reflection coef., especially for R/H;«1.0. For R/H;*1.0 the 
estimation is better. The Muttray et al. formula overestimates measured values for R/H;* 1.0 and 
estimates well measured values for R,/Hi<1.0. At Figure 8a the measured values for B1 versus the 
measured values for B2 are plotted. Due to the very large dispersion of the measured values versus 
the Iribarren parameter, it is chosen to investigate the relative errors of the formulae. Furthermore 
breakwater B2 seems to be more reflective than B1, due to the different wave attack. Relative errors 
of the calculated values are plotted versus the main parameters concerning each formula (See Figure 
8b and c). 

From Figure 8a it is clear that the wave reflection is depending on the incidence angle of the 
waves. Relative errors from Muttray et al. formula, are symmetrical distributed, with a small 
constant value at the linear trend line of the errors, so this formula can be used and furthermore can 
be corrected. At the correction is not introduced the angle of the wave incidence. That will be the 
next step of our research. On the other hand relative errors from Zanuttigh and Van der Meer 
formula are not symmetrical distributed and any intervention has no meaning. The reflection 
coefficients (measured and calculated) versus the relative depth are presented in Figure 9a. The 
calculated versus the measured reflection coefficient is presented in Figure 9b. 

As shown in Figures 9a and 9b, the Mutrray et al. formula and the corrected one, are very well 
correlated to the measured values of the reflection coefficient. The corrected formula gives better 
correlation between measured and calculated values, when the relative depth is greater than 0.10. 
For 0.05 «d/L,5«0.10 is observed the maximum deviation between the measured and calculated 
values. This formula doesn't take into account the relative freeboard who seems to be needed for 
the amelioration of the formula. The Zanuttigh and van der Meer formula underestimates the wave 
reflection, especially for low relative freeboards. 
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Figure 9. a) Reflection coefficient versus relative depth 
b) Calculated versus measured reflection coefficient 


5. CONCLUSION 


In conclusion main results are: 

The angle of the wave incidence does not affect the wave transmission significantly, while affects 
the wave reflection and must be further investigated. As it concern the transmission coefficient, is 
very well estimated by the Van der Meer et Daemen formula for relative freeboards greater than 
4.0. The corrected d' Agremond formula must be used for lower relative freeboards. The influence 
of the wave period must be investigated. As it concern the reflection coefficient, the proposed by 
Muttray et al. formula gives a very good initial estimation. The influence of the wave height must 
be investigated. Zanuttigh and van der Meer formula underestimates the reflection especially for 
relative freeboards greater than 1.0. The zone of structures with relative freeboard between 0 and 2 
is a transitional zone, where the phenomena of wave transmission and wave reflection are very 
sensitive to many parameters. 
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Abstract 


The Environmental Engineering Laboratory of the Civil Engineering Department of the University 
of Patras in cooperation with the Patras Port Authority SA carried out a monitoring program of 
seawater quality. Seven sampling campaigns were conducted from October 2013 until December 
2014 at four sampling sites, in order to evaluate the contribution of surface runoff and harbour 
activities in seawater pollution. At each site, water quality parameters were determined in situ, and 
water samples were transferred and analyzed at the laboratory. Taking into consideration the whole 
set of measurements, it is concluded that the seawater quality of the port is satisfactory in 
comparison to other coastal zones of the major area of Patras and other ports. The increased 
concentration of microbiological parameters is attributed to the disposal of wastewater into the sea. 


Keywords: port; seawater quality; physicochemical characteristics; heavy metals; microbio- 
logical characteristics 


1. INTRODUCTION 


The New Port of Patras is placed at the SW side of the Patras City and SE shoreline of Patraikos 
Gulf between the rivers Diakoniaris and Glafkos. The New Port has been in operation since July 
2011. Up to the decade of 1980, along the Patras shoreline, south the Cathedral Church of Ag. 
Andreas, more than two hundrends of industries had been installed and operated, which discharged 
mainly raw wastewater into the Patraikos Gulf. Since the decade of 1990 and then, most of these 
factories were relocated in the Industrial Area of Patras, 20 km south approximately. Nowadays 
only a distillery is operating at the New Port neighborhood. However, the streams of Diakoniaris 
and Glafkos receive and transport wastewater from households and other activities, which are 
allocated along these rivers. 

The development of the New Port of Patras consists of two phases. The Ist phase has a 
platform of total length of 992 m, built with caissons of reinforced concrete in a zigzag line. It 
consists of four side-mooring docks. It is approaching to be completed, since the three docks are 
already in operation and the last dock is under construction. The breakwater of the Port is 1,236 m 
in total length, built with caissons of reinforced concrete. The building infrastructure of the Port has 
a total coverage area of 6,974 m?, which includes the terminal passenger station, the Port 
Administration building and a substation building, the Fire Station and other. The port serves 
maritime transport between Patras and Ionian Islands and Italy. A monitoring program of the 
seawater quality had been assigned by the Technical Department of the Patras Port Authority S.A. 
to the Environmental Engineering Laboratory of the Civil Engineering Department of the 
University of Patras. The program started on October 2013 and finished on January 2015, and seven 
campaigns were carried out (Table 1). 
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Table 1. Monitoring Campaigns Schedule. 


Campaign 


1* 2nd 3nd qth 5" 6* ath 
Number 
Date 25/10/2013 10/2/2014 12/4/2014 11/6/2014 26/8/2014 30/10/2014 10/12/2014 


2. MATERIALS AND METHODS 


2.1 Monitoring Area 

After an exploratory visit at the monitoring area, the sampling sites A, B, C, D and E were determined 
(Figure 1). Site A was between docks of the New Port of Patras and the breakwater; Site B was at the 
discharge point of the South outlet of the collecting storm water conduit and the Sites D and E were at 
the two rivers discharging at both sides of the port, namely Glafkos R. and Diakoniaris R., respectively, 
in order to evaluate the contribution of surface runoff and harbor activities in the seawater pollution. Site 
C was a manhole of South collecting storm water conduit. The visit at this site showed that the flow 
inside the manhole was insignificant; thus, no samples were collected. 


2.2 Physicochemical parameters 

The Standard Methods for the Examination of Water and Wastewater [1] were followed at sampling 
procedures and measurements of physicochemical parameters. Especially for the examination of soluble 
heavy metals in seawater samples the proposed methods for seawater analysis of [2] were followed. 
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Figure 1. Map of the sampling area. Sampling Sites: A=Inside the New Port of Patras between 
docks and the breakwater, B=Discharge point of the South outlet of the collecting storm water 
conduit, C=Manhole of the South outlet of the collecting storm water conduit, D=Bedside of 
Glafkos River, E=Discharge Point of Diakoniaris River. (Source: www.google.maps.com) 
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The water temperature (Tyarer), pH, dissolved oxygen (DO), electrical conductivity (EC) and 
turbidity (TU) were determined immediately after the sample was collected or directly by 
immersing into the water the appropriate probe. In addition, the water clarity of the seawater was 
measured using a Secchi disk. A mercury thermometer of 0.1°C gradation was used for the 
determination of air temperature. pH was measured using the pH-meter HI 8424 by HANNA 
Instruments. Similarly, electronic devices HANNA Instruments HI 98188 and YSI 85 were used at 
the determination of EC. TU was measured using the Turbidimeter HACH 2100AN IS. DO, EC, 
salinity and Twater were measured directly in the water using the YSI 85. 

The determination of the concentrations of lead (Pb), copper (Cu) and arsenic (As) was made 
using flameless atomic absorption spectrophotometry. The model 2280 Perkin-Elmer 
spectrophotometer equipped with an HGA-300 graphite furnace and suitable hollow cathode lamps 
was used for all analytical measurements. The seawater samples (Sites A, B and E) were treated and 
measured according to [2]. The water samples from Glafkos R. (Site D) were collected and 
measured according to [3]. 

The determination of biological oxygen demand (BODs) was made according the procedure 
that is proposed by [1]. Similarly, total organic carbon (TOC) concentrations were measured 
according to [1] using a total organic carbon analyzer (Model TOC-5000, SHIMADZU). 

Total nitrogen concentrations (Total-N) were determined by 2,6-Dimethylphenol spectrometric 
method [4]. Total phosphorus (Total-P) measured using the persulfate digestion Kat ascorbic acid 
method [1], and the Chlorophyll-a concentrations was determined by the spectrometric method [1]. 


2.3 Microbiological Analysis 

For microbiological analysis, samples were collected in sterile glass dark bottles, which were 
transferred inside a portable refrigerator to the laboratory. Analysis of samples was made 
immediately after sampling. Samples collected 10cm below the water surface. Total coliforms (TC), 
faecal coliforms (FC), Escherichia coli (E.Coli), faecal streptococci (FS), and enterococci (Ent) 
were determined by the filtration method [1]. 


3. RESULTS AND DISCUSSION 

The results of in situ measurements of the physicochemical parameters (Twater, pH, DO, EC and 
TU) for all sampling sites in each campaign are presented in Figure 2. Twater values in seawater 
ranged from 13.9 to 26.1°C and in other sites from 11.5 to 24.1°C. pH values in the seawater (Site 
A) were very stable (8.1 to 8.3), while in other sampling sites ranged from 6.8 to 7.9. pH levels at 
Patraikos Gulf were measured at a range from 8.1 to 8.3 [6]. In the seawater at the Rion-Antirrion 
Bridge area, Twater values from 12.8-24.0°C and pH values from 8.0 to 8.4 had been reported [7]. In 
the seawater of Piraeus and Perama Ports the corresponding values were 8.4 and 8.6, respectively 
[8]. 

TU values in seawater were (1.14 to 1.61 NTU) and in other sites ranged from 1.2 to 81.7 NTU. 
During the sampling periods infrastructure works were in progress. The levels of the seawater 
clarity were measured in the range 3.0 to 9.4 m. In the seawater at the Rion — Antirrion Bridge area 
the turbidity values ranged from 0.4 to 1.2 NTU and the water clarity values from 7.5 to 14.5 m [7]. 

DO values in seawater ranged from 5.1 to 7.5 mg/L, at Site B from 4.8 to 5.9 mg/L, in Glafkos 
River from 7.6 to 9.7 mg/L and in Diakoniaris River from 0.5 to 7.7 mg/L. DO values reported for 
Patraikos Gulf [6] ranged from 6.92 to 7.86 mg/L. At the Rion — Antirrion Bridge area, reported DO 
values range from 5.2 to 9.5 mg/L [7]. DO mean values of 9.7 and 10.0 mg/L were reported at 
Piraeus and Perama ports, respectively [8]. 
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Figure 2. In situ measurements of water temperature (7,45), pH, turbidity (TU) and electrical 
conductivity (EC) at sampling sites at each campaign. 
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EC values in seawater ranged from 48.3 to 54.4 mS/cm. At Rion — Antirrion Bridge area the 
EC values ranged from 56.4 to 58.7 mS/cm [7]. Mean values of EC were 43.2 and 43.8 mg/L at 
Piraeus and Perama ports, respectively [8]. EC values at Glafkos River ranged from 0.33 to 0.82 
mS/cm. In the other sites intermediate values were measured due to interactions between sea and 
fresh water. Taking into account the values of Twater and EC, the saturation level (%) of DO in the 
seawater was calculated from 70.8 to 96.696 [5]. The corresponding values at the Ports of Piraeus 
and Perama were 126.0 and 126.4%, respectively [8]. 

The concentration of organic matter (BODs and TOC), heavy metals (Pb, Cu and As), Total-N, 
Total-P and Chlorophyll-a at each campaign is presented in Table 2. BODs values in seawater 
ranged from 0 to 0.5 mg/L, at Site B from 0.7 to 69.0 mg/L, in Glafkos River from 0 to 4.0 mg/L 
and in Diakoniaris River from 5.6 to 69.0 mg/L. At Patraikos Gulf the BODs levels ranged from 5 
to 20 mg/L [6]. At Rion — Antirrion Bridge area these values ranged from 0 to 0.7 mg/L [7]. TOC 
values in seawater ranged from «0.5 to 3.1 mg/L. 

Total-N values in seawater were up to 1.5 mg/L, while quite higher values were observed in 
other sampling sites. Chlorophyll-a values in seawater ranged from 0 to 2.9 mg/L. 

Pb concentrations were less than 10 ug/L at each sampling site during the whole sampling 
period. Pb concentration values at the Ports of Piraeus and Perama ranged from 72 to 360 ug/L [8]. 
Cu values ranged from <5 to 8 ug/L at Sites A, B and E while the corresponding values at Glafkos 
River were ranged from «5 to 18 ug/L. These concentrations were quite lower compared to Cu 
concentrations at the Ports of Piraeus and Perama (29 to 65 ug/L). Similarly, As ranged from <3 to 4 
ug/L at Sites A, B and E, while the corresponding values at Glafkos River were ranged from 4 to 15 
ug/L. 

The concentration of the microbiological characteristics (Figure 3) was quite lower in seawater 
compared to those measured at the other sites. There is a significant variation of the concentration 
measured among the campaigns. At Site B, concentration values were similar to those of raw 
wastewater. In Glafkos River, concentration values were also similar to those of raw wastewater, 
and this implies discharge of wastewater from activities or houses installed across the river span. 
The concentration values in Diakoniaris River were similar to those of municipal wastewater 
without significant variation, indicating that the river was a constant source of microbiological 
pollution at the New Port of Patras. 


4. CONCLUSIONS 


The preliminary results of seawater quality measurements at the New South Port of Patras, Greece 
during the seven campaigns (October 2013, February 2014, April 2014, June 2014, August 2014, 
October 2014 and December 2014) and in comparison to older measurements at approximately the 
same location, and in other areas of Patraikos Gulf, as well as in other port areas in Greece, showed 
that the maritime area of the New Patras Port had satisfactory DO levels. The pH of seawater was in 
the same range of previously reported measurements in the major Patraikos Gulf area. Infrastructure 
work activities in the maritime and sea coast at the Patras New Port areas contributed to an increase 
of turbidity and decrease of water clarity levels. The EC values were about 12% lower than that 
measured previously in the Rion — Antirion Bridge area, which may be attributed to the inflow of 
freshwater from Glafkos R. and Diakoniaris R., which have significantly lower conductivity. The 
concentrations of TC and FC seem to vary widely in the maritime area of the New Patras Port, from 
< 100/100 mL to > 2000/100 mL, while the values of the parameters on the discharge points of 
Glafkos R. and Diakoniaris R. are higher, indicating that they are major microbial pollution sources 
of the marine area of the New Port. 
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Table 2. Organic matter (BODs and TOC), heavy metals (Pb, Cu and As), Total-N), Total-P 
and Chlorophyll-a concentration at sampling sites at each campaign. 


Sampling Site 1" and 3d d sth 6^ ath 
BOD; (mg/L) 
A 0.3 0.4 0.5 0 0.45 0 0.2 
B 0.7 0.9 1.8 >4 >5 >2.5 69 
D 4.0 2.6 0.3 0.85 0 0.9 3.7 
E i >7.5 >5.6 >7 * >7 69 
TOC (mg/L)1.7 
A <0.5 <0.5 1.5 24 3.1 1.5 1.7 
B «0.5 1.5 75.6 21 15.6 76 14.9 
D 2 3 1.1 1.7 2.0 1.1 1.0 
E l i 2.3 32 5.8 2.3 1.8 
Pb (ug/L) 
A li T «10 «10 «10 <10 <10 
B : i <10 <10 <10 <10 <10 
D <10 <10 <10 <10 <10 <10 <10 
E " T «10 «10 «10 «10 «10 
Cu (ug/L) 
A : i 5 8 «5 <5 5 
B li i <5 8 «5 «5 «5 
D 18 8 2 «5 «5 «5 8 
E i i <5 6 <5 <5 <5 
As (ug/L) 
A li i 3 4 <3 <3 <3 
B à i <3 <3 <3 <3 <3 
D 11 7 13 5 15 4 5 
E g n <3 <3 <3 <3 <3 
Total-N (mg/L) 
A <0.5 <0.5 1.5 <0.5 0.5 <0.5 <0.5 
B 1.3 0.8 5.3 6.4 7.3 1.2 5.6 
D 3.1 1.2 <0.5 1.2 3.3 20.5 14.3 
E i 3.1 «0.5 1.3 6.7 1:2 1.3 
Total-P (mg/L) 
A 0.160 0.049 3.345 0.23 0.1 0.49 0.5 
B 0.139 0.254 5.929 12.3 7.1 16.7 20.3 
D 0.402 0.090 0.073 0.98 0.3 0.49 0.7 
E i 0.300 0.106 3.1 11.0 5.3 3.0 
Chlorophyll-a (mg/L) 
A 0.40 0.001 0.00 1.10 1.81 0.56 2.9 
B 4.00 0.00 0.00 3.20 0.73 1.87 1.79 
D 0.00 0.001 0.01 0.50 10.0 10.8 4.4 
E i 0.00 0.03 0.10 1.15 1.57 1.72 


() Sample was not collected. 
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BOD; concentrations in the maritime area of the New Patras Port did not exhibit differences 
compared to the values that were measured previously in the seawater of the Rion — Antirion Bridge 
area, but were two orders of magnitude lower than those measured in the same area few years ago. 
Finally, the levels of heavy metals, Pb, Cu and As, were quite low, in both the sea area of the New 
Patras Port and Glafkos and Diakoniaris Rivers. 
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Figure 3. Water microbiological characteristics at sampling sites at each campaign. 
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Abstract 


Flooding has always been a serious problem for Rethymno, Greece as major flood events have been 
encountered throughout the years resulting in serious damages. For this reason, Rethymno city is 
one of the case study areas of PEARL project, an EU-funded research project, which aims to 
develop and apply adaptive risk management strategies for coastal communities against extreme 
hydro-meteorological events, minimizing social, economic and environmental impacts. Within this 
framework, estimating wave overtopping, wave run-up and coastal erosion in Rethymno is of great 
importance as consequences of coastal flood events arising from storms and storm surges, sea level 
rise and tsunami. In this study, XBeach numerical model is applied on the coastal zone of 
Rethymno in order to assess the coastal response to time-varying extreme storm events. The output 
obtained refers to hydrodynamics, sediment transport, bed update and wave run-up calculations, 
enabling the stakeholders to identify the most vulnerable areas. 


Keywords: extreme storm events; flood management; hydrodynamics; sediment transport; wave 
run-up; XBeach; Rethymno 


1. INTRODUCTION 


Coastal floods are regarded as one of the most dangerous and harmful of all natural disasters. 

Climate change combined with rapid urbanization and poor governance lead to a significant 
increase in the exposure of people, livelihoods, environmental services, resources and infrastructure 
of coastal communities to hazard. 

Flooding has always been a serious problem for Rethymno, Crete, Greece. Major flood events 
have been encountered throughout the years, resulting in serious damages mainly in the Old Town 
of Rethymno and the east low-laying areas [1]. For this reason Rethymno city (Figure 1a) is one of 
the eleven case study areas of PEARL (Preparing for Extreme And Rare events in coastal regions) 
project, an EU funded research project, which aims at developing adaptive risk management 
strategies for coastal communities focusing on extreme hydro-meteorological events, with a 
multidisciplinary approach integrating social, environmental and technical research and innovation 
so as to increase the resilience of Coastal Regions all over the world. 

Within this framework, the XBeach public-domain numerical model is used in this project. 
XBeach is a two-dimensional morphological model for wave propagation, long waves and mean 
flow, sediment transport and morphological changes of the near-shore area, beaches, dunes and 
backbarrier during storms [2]. 
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2. CASE STUDY AND STORM EVENTS 


Rethymno city is sited at the Region of Crete in Greece (Figure 1a) and its population stands at 
32,468 inhabitants (Census 2011) with a density of 140.12 population/km". As the 3 most 
populous urban area in the island of Crete, commercial, administrative, cultural and tourist activities 
are being developed along the north coast where the city is located. The mean absolute altitude is 15 
m [1]. The case study area includes the Port of Rethymno, located in the Northern area of Crete 
within the homonymous bay and the adjacent coastal area at the east (a total area of about 8 km?) 
with a coastline length of approximately 4 km (3760 m) and max depth equal to -23 m (Figurelb). 
The grid is constructed with dimensions 1500x5160 m in x- and y- axes respectively and the spatial 
steps are chosen dx=dy=5m. The wave run-up level is investigated in twelve cross-shore transects 
per 300m with the first one being located 100 m to the right of the port. The topography data were 
extracted from the Hellenic Cadastre map and the bathymetry data from the Hellenic Navy 
Hydrographic Service case study map. Figure 2a presents the initial bathymetry and topography of 
the case study area as shown in XBeach. 


(a) (b) 


Figure 1. (a) The location of the case study area in Greece, Crete (b) Grid dimensions, coastline, 
bathymetry contours and investigated profiles of the case study area 


The coastal response is tested under four forecasting (period 2000-2100) storm scenarios (Table 
1) obtained by SWAN model [8] for the mean wave direction i.e. for North, Northwest and 
Northeast wind directions. The frequency of each wave direction is shown in Figure 2b [8], where 
N wind is proved to be the most frequent and NE the less. The storm scenarios selected to be 
simulated by XBeach characterize the worst storm category of each wind direction and the results 
obtained concern the hydrodynamics and sediment transport calculations. Twelve profiles per 300 
m as shown in Figure 1b are also investigated for each storm event in order to estimate the bed 
update and wave run-up level. Sediment properties are selected uniform sand with porosity of 0.4 
and size of 0.2 mm. 


Table 1. Characteristic storm events simulated by XBeach 


Scenario Direction  Hsrange(m) Tp range (s) iis Bs pes den (h) 
1 N 2.01-4.61 6.71-9.28 2.86 7.85 103.5 
2 N 2.46-4.95 7.84-9.65 4.18 9.07 72 
3 NW 2.43-3.03 7.41-8.16 2.79 7.87 39 
4 NE 2.07-2.66 6.78-8.96 2.41 8.16 24 
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3. MODEL APPLICATION 


XBeach is a two-dimensional morphological model of near-shore processes to compute the natural 
coastal response during time varying storm and hurricane conditions including dune erosion, 
overwash and breaching. The model consists of non stationary shallow water equations, short wave 
propagation, sediment transport and bed update. In addition, a developed time-dependent wave 
action balance solver is included in the model to solve the wave refraction and to simulate the 
propagation and dissipation of the wave group [3]. To include short wave-induced mass fluxes and 
return flows in shallow water, the Generalized Lagrangian Mean (GLM) formulation is 
implemented. Additionally, the computational fluid dynamic is solved by Navier Stokes equations 
while the sediment transport rates are calculated using an advection-diffusion equation [4]. The 
numerical implementation is mainly first order upwind in line with the momentum-conserving form 
of Stelling and Duinmeijer method (2003), which improves long wave run-up and backwash on the 
beach [5]. 


1961-2000 


180 —— i 
Mean wave direction [deg] 2001-2050 
- | 2051-2100| 
(a) (b) 


Figure 2. (a) Initial bathymetry and topography as shown on XBeach 
(b) Mean wave direction at the case study for three time periods [8]. 


The XBeach model can be applied to areas extending several kilometers in the longshore and 
about a kilometer (several surf zone widths) in the cross-shore [4]. XBeach model has been shown 
to have quantitative skill in estimating storm impact, overwash and breaching processes on sandy 
beaches [6] like Rethymno's coastline. It is a public-domain model that has been developed with 
funding and support by the US Army Corps of Engineers, by a consortium of UNESCO-IHE, 
Deltares, Delft University of Technology and the University of Miami. More details about the 
model and its mathematical and theoretical background can be found at the user's manual [5,7]. 
XBeach is applied here in hydrostatic mode. Four different extreme forecasting storm scenarios 
(Table 1) obtained by SWAN model [8] for North, Northwest and Northeast wind directions (270°, 
225? and 315? respectively, including £45? incident wave directions) are simulated using the 2D 
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instationary mode of XBeach based on a sequence of time-varying wave groups generated using a 
Jonswap spectrum (keyword: wbctypezjons table). The results obtained are evaluations of wave 
height, velocities and sediment transport. Concerning the profiles for each storm event, they are 
investigated using the 1D transect mode for instationary conditions as well. The output refers to 
profile bed update, avalanching and run-up estimations. The wave run-up height is given by Rx. It 
should be mentioned that the grid has been rotated counter clockwise at 90? so as the XBeach 
output could be directly comparable to MIKE21 results obtained in future projects. 


4. RESULTS AND DISCUSSION 
4.1 Hydrodynamics 


The hydrodynamics calculations of the worst case scenario i.e. Scenario 2 (N-direction storm event 
with the highest identified significant wave height H,24.95 m and storm duration D=72 h), are 
presented in Figure 3. The output concerns the wave height H (m) and velocities u and v (m/s) on x- 
and y- axes respectively, referring to values at the cell centre. The computational x-axis is always 
oriented towards the coast, approximately perpendicular to the coastline while the y-axis is 
alongshore. 
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Figure 3. Spatial distribution of wave height (H) and velocities u, 
v (m/s) on x- and y- axes respectively for Scenario 2 


4.2 Sediment transport 


The output of the most important sediment transport occurring is described in Figure 4, i.e. for 
Scenario 2 and Scenario 4. In XBeach, the obtained results of sediment transport (m/s) are 
described in two dimensions (Sy; and Sytot refering to x- and y- direction respectively) including 
both bed and suspended sediment transport, with the last one being the bulk of the total transport. 
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Figure 4. Spatial distribution of sediment transport for Scenario 2 
for (a) x-axis and (b) y-axis respectively. Spatial distribution of sediment transport 
for Scenario 4 for (c) x-axis and (d) y-axis respectively. 
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4.3 Bed update and wave run-up 


The bed evolution, dune erosion and wave run-up level of 12 different profiles were also 
investigated. As shown in Table 2, the profiles that proved to be the most vulnerable in common for 
all storm scenarios are transects no. 1, 6, 10, and 12 (Figure 1b) due to their high wave run-up level 
and/or the fact that a large distance of the inland area is flooding by the sea water. Profile no.12 bed 
update and avalanching results for all the investigated storm events are presented in Figure 7 as well 
as the time-varying evolution and flooding of Profile no.10 for storm Scenario 2 is depicted in 
Figure 8. Variable zs refers to the water level while zb refers to the bed level and zb0 to the initial 
bed level. 


Table 2. Results of the most vulnerable profiles in common 


Storm scenario 1-N direction Storm scenario 2-N direction 
Inland distance Inland distance 
Profile maxRu (m) flooding (m) maxRu (m) flooding (m) 
1 1.1 125 2 140 
6 1.2 40 23 45 
10 1.6 35 1.8 115 
12 2.1 35 23 50 
Storm scenario 3-NW direction Storm scenario 4-NE direction 
Profile UN Inland distance iuaxRu ni) Inland distance 
flooding (m) flooding (m) 
1 0.9 15 3.5 160 
6 0.8 30 23 60 
10 0.7 25 2.8 165 
12 0.8 25 4.2 145 
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Figure 5. Profile no.12 bed update and avalanching at the end of each storm event 
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Figure 6. Profile no.10 time-varying evolution for storm Scenario 2 
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5. CONCLUSIONS 


The area is proved to be enough protected from NW direction storm events because of the Port 
presence, retaining low wave run-up heights all along the coast and no flooding problems are 
observed. The same though is not happening with N wind storms, which are also the most frequent 
[8]. In this case, wave run-up height ranges mainly between 1.5 and 2.5 m with the max values 
being observed both in the middle and in the end of the coastline, while flooding is occurring at the 
low-laying areas. The study area is also very sensitive to storms caused even by weak NE wind, 
where the wave run-up height gets up to 4.2m at Profile 12 and most of the profiles indicate 
flooding. As also shown in Figure 5, the severest bed evolution and dune erosion take place under 
NE storm events. Wave height can reach values up to 7 m in Scenario 2, while velocities are getting 
generally higher mainly around the port constructions and in the surf zone. Overall, the most 
vulnerable areas to erosion and flooding are the low-laying areas located at the east of the port and 
at the last 1 km of the study area, where the whole coastal area covered by sand and/or farmland is 
flooding. The narrow sandy area in the middle of the coastline is also vulnerable, as the sea water 
reaches the level of the street and the buildings both in Scenario 2 and 4. The fact that most of the 
profiles seem to be flooding usually during the first 3-6 hours of the storm event is also important. 
The cross-shore sediment transport is more intense for N wind storm events (max value 0.002 m’/s), 
while alongshore sediment transport becomes more important for oblique waves (max value 0.005 
m/s) indicating mainly beach erosion and not aggradation. The results obtained are very helpful for 
the stakeholders, as they play an important role to the development of an integrated flood risk 
management strategy focusing on the most vulnerable areas and the improvement of Rethymno’s 
coastal area resilience against extreme and rare events. 
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Abstract 


Pesticides are widely used by farmers in the Prefecture of Trifyllia, Western Peloponnese, Greece. 
In an attempt to understand the soil factors controlling losses of pesticides, surface soil samples 
were collected from 196 sites in the cultivated area of Trifyllia. Up to now, the pesticide leaching 
and runoff potential in the studied area is unknown. Soil organic matter (SOM) and textural classes 
were used and for practical reasons they grouped into four general classes. Based on SOM content 
and clay, the compiled map shows soil leaching potential (SLP) of pesticides in the cultivated areas 
of Trifyllia. According to soil texture, 3 moderate leaching risk classes, 2 high and 1 low were 
defined, and the respective classes based on SOM content were 3 low risk classes, 2 moderate and 1 
class of high risk. Appropriate farming practices must be applied to decrease leaching or losses by 
runoff in order to minimise the pollution of shallow aquifers and surface waters in Southwestern 
Peloponnese. 


Keywords: soil; pesticide; leaching; texture; organic matter 


1. INTRODUCTION 


In Greece, the pesticide pollution of the water resources varies and depends on climatic, soil and 
hydrological conditions which prevail in a specific agricultural area. The use of pesticides in 
agriculture often leads to groundwater pollution. It is documented that interaction of pesticides with 
soil, plays a dominant role in the extend of pollution. Knowledge of soil properties and evaluation 
of soil functions is essential for providing guidelines to support sustainable land management. Soil 
texture, soil organic matter, permeability, and soil structure [1,2,3,4] are among characteristics or 
properties which affect loss risk or retention into soils. Soil organic matter influences the quantity of 
water which is retained in the soil and the absorption capacity of pesticide. Increasing the soil 
organic content, such as by application of manure, the ability of soils is enhanced to hold both water 
and dissolved pesticides in the root zone. 

Sorption of pesticides to soil is another process and is influenced by the physicochemical 
properties of the pesticide itself, as well as the properties of the soil. Correlations with pesticide 
solubility and sorption have also been reported [5]. Soil characteristics such as, organic carbon (OC) 
content, clay content, and pH are known to affect the immobilization and degradation of pesticides 
[6.5]. The incorporation of a pesticide into soil increases the availability for leaching. The rate and 
timing of a pesticide's application also are critical in determining potential of leaching. Leaching 
depends on the amount used, heavy rainfall or irrigation, and pesticides may be lost to groundwater. 
It is well known that site conditions affect the potential for leaching of pesticides and include: depth 
to groundwater, geologic conditions, topography, climate and irrigation practices. 
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According to the European and national legislation regarding the plant protection products 
(European Directive 91/414, 1991) and the water safeguard, experience has been gained to assess 
groundwater vulnerability to pesticide at national or regional scale by using geo-information 
integrated with pesticide leaching models. An approach was developed [7] where the derived index 
is based on half-life of pesticide in soil and partition coefficient between soil organic carbon and 
water (Koc). When half-life is longer, the length of time the pesticide remains in the soil is greater, 
hence the period for leaching is longer. 

Leaching of pesticides to the groundwater is a subject of high importance for EU Countries 
because groundwater is the major source of drinking water and pressures from the application of 
pesticides in the intensively cultivated areas are very high. The leaching potential can be calculated 
with dynamic, multilayer, mechanistic models at different scales, including field, regional and 
national scale [1,8,9]. The EuroPEARL model was developed and indicators of pesticide leaching 
are included at the European level [10]. This model ignores losses by field drainage due to the lack 
of the respective information at European scale. A number of methods have been developed for 
assessing the leaching potential in soils with different characteristics. However, it is important to 
use a relatively simple approach that uses easily obtainable information to rank the pesticides losses 
based on basic soil properties. 

This work deals with soil leaching potential (SLP) in the Prefecture of Trifyllia, Southwestern 
Peloponnese, where pesticides are widely used by farmers. For this aim, representative surface soil 
samples were collected from sites in the cultivated area, in order to map the soil loss potential of 
pesticides in the cultivated soils. 


2. MATERIALS AND METHODS 


Surface samples were selected from 0-30 cm depth for 196 sites in the area of Trifyllia, SW 
Peloponnese, from soils cultivated mainly with olive trees. Soil samples were taken after removing 
the fresh plant debris and three replicates per soil sample were conducted. These were air-dried and 
the fine fraction (<2mm) was used for laboratory analyses. Particle size distribution was determined 
by the Bouyoucos hydrometer method [11]. A modified wet digestion Walkley and Black method 
[12] was used for the organic matter determination. 

Soil texture, organic mater content and slope are the parameters used for the pesticides risk 
losses. The classes and soil factors affecting groundwater pollution are presented in Table 1. The 
suggested soil textural classes include the following soil subclasses: 

Class 1 (sandy): sandy, sandy loam, loamy sand 

Class 2 (loamy): silty, silty loam, vf sandy loam, loam 

Class 3 (clay loamy): sandy clay loam, clay loam, silty clay loam, 

Class 4 (clay): sandy clay, silty clay, clay 


Table 1. Soil factors included into the rating system for the assessment of leaching potential 


Ranking Class 1 Class 2 Class 3 Class 4 
Soil texture Sandy Loamy Clay Loamy Clay 
SLP Very high High Moderate Low 


Ranking 
Soil organic matter 


Class 1 
«296 


Class 2 
2-396 


Class 3 
>3% 


SLP 


Ranking 


Class 1 


Moderate 
Class 2 


Class 3 


Slope 0-2% 2-696 >6% 
Runoff risk Low Moderate High 
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The threshold value for soil organic matter (SOM) in agricultural soil is 2% by weight, beyond 
which soils cannot remain sustainable [13]. Taking into account this value, three soil organic matter 
classes were suggested (Table 1). In addition, textural and soil slope classes (Table 2) were used in 
this work, in order to calculate the losses potential. Slope classes of this system are in accordance to 
the Greek Soil Survey and these are for the classification of soil units. 

It should be stressed that the above soil properties can easily be determined under laboratory 
conditions without difficulties or restrictions, while cost is not high and the required infrastructure 
exists in all soil laboratories dealing with soil analysis. 


Table 2. Soil parameters and the suggested values for pesticide losses 


SOM % SLP Score 
«2 H 10 
2-3 M 7 
>3 L 4 

Texture SLP Score 

Loamv H 10 

Clay loam M 7 
Clav L 4 

Slope % Runoff Risk Score 
0-2 L 4 
2-6 M 7 


Using SOM and soil texture, three indicative classes of soil leaching potential (SLP) are 
proposed : Low risk, value «10, Moderate 10- 15 and High with values >15. The respective values 
of pesticide losses which affect both leaching and runoff are: L«15, M 15-20, and H>20. 


3. RESULTS AND DISCUSSION 


The total study area consists of 32,016.1 ha, encompasses several municipalities and using the soil- 
landforms relationships, soil associations (Figure 1) were designated in the study area [14]. Field 
survey indicated that soils in the lowlands consist of alluvial deposits and the dominant parent 
material consists of conglomerates, hard limestone or marl. Most soils in the study area are 
characterized by alluvial and colluvial deposits; the cultivated soils occurring in this area are 
generally Fluvisols, Cambisols and Luvisols [15], while the non cultivated are very shallow with 
steep slopes and belong to soil association of Leptosols (Figure 1). 

According to textural map (Figure 2) and Table 4, the majority of soils belongs to clay loamy 
textural class and covers 72.9 96 of the cultivated area, while the loamy and clay soils cover 14.096 
and 13.1%, respectively. 

Soil organic matter can be readily transported off the field, and pesticides which are absorbed 
to SOM may also be moved with the eroded soil particles. A general slope map of Pelopennese was 
also compiled (Figure 3) and the cultivating area has a gradient less than 696 . More accurate map 
with two slope classes (0-296 and 2-696) of the study area of Trifyllia are presented in Figure 5 
indicating indirectly the potential vulnerable areas to runoff. Slopes promote fast surface runoff and 
reduced chances for water to infiltrate into the ground. 

To reduce the runoff risk, farming practices such as strip cropping and buffer strips are 
suggested. In sloping areas, dissolved pesticides adsorbed to soil particles and can be moved across 
the agricultural soil by means of surface runoff. This is the most common pathway of pesticides 
from cultivated land as diffuse sources to surface water [16]. 
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Figure 1. Soil association map of Peloponnese, Greece (Yassoglou 2005, as modified by Karyotis 2014) 


Table 4. Distribution of soils after compilation of texture and SOM content 


Soil classes Texture SOM % Area (ha) 

1 |SOMP CL Clay Loam <2 886.4 

2 |SOMM_CL Clay Loam 2-3 7,016.7 

3 |ISOMM_L Loam 2-3 3,926.6 

4 |SOMH C Clay >3 4,176.1 

5 |SOMH_CL Clay Loam >3 15,439.7 

6 SOMHL Loam >3 570.6 

Total study area|32,016.1 ha 


where: CL* is clay loam, L** is loam and C***is clay texture 
SOMP is SOM «296, SOMM is SOM 2-3% and SOMH is SOM >3% 


It was estimated that pesticide losses in agricultural runoff have been quantified to assess the 
potential of contamination. It was estimated that they are typically less than 1.5% of the applied 
pesticide [17] and in some cases «0.196 [3]. It should be stressed that soils in Trifyllia (Figure 3) 
with slope >6% were recorded only in some very small spots and are not presented in the respective 
map (Figure 5), which depicts the classes of soil leaching potential. 

Two dominant soil types of Tryfillia and the main characteristics are presented in Figure 4. 
These soils have different SOM content, depth, texture, degree of erosion and the surface horizons 
are acidic due to leaching of exchangeable bases. 

By using the suggested values of parameters for the assessment of pesticide losses (Table 2), 
the soil leaching potential (SLP) for each soil class was calculated (Table 5). High SLP were 
observed in clay loamy soils with SOM<2% and in loamy soils with SOM 2-3%. Moderate SLP 
were recorded in clay loamy soils with SOM 2-346 or >3% and in loamy soils which contain SOM 
>3%. Low values have soils with clay texture and high content in SOM. In this class, pesticides can 
be absorbed significantly by soil organic matter. Also, most pesticides can be adsorbed to clay 
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particles, become immobile, and leaching risk is reduced. This process minimizes the downward 
movement of pesticides, and reduces the possibility of groundwater contamination. 

From Table 5, the areas with different degree of soil leaching potential were calculated and 
71.9% of the cultivated land has moderate SLP, 15.0% has high and the rest 13.1% belongs to low 
SLP class. 
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Figure 3. Soil slope map of Peloponnese, Greece 
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Figure 4. Soils with SOM content > 2% in the surface horizons (left) and a strongly acidic soil 
with low SOM content (right) 


Table 5. Soil leaching potential 


Soil classes SOM % Texture Ranking SLP Area (ha) 
SOMP CL 10 7 17 H 886.4 
SOMM CL 7 7 14 M 7,016.7 
SOMM L 7 10 17 H 3,926.6 
SOMH_C 4 4 8 L 4,176.1 
SOMH_CL 4 7 11 M 15,439.7 
SOMH L 4 10 14 M 570.6 

Total study area|32,016.1 


Another attempt was made to assess the potential of pesticide leaching and runoff potential 
(SLRP), using SOM, texture and two slope classes. Results (Table 6) indicated that high SLRP was 
found in the following soil classes: clay loamy with SOM<2% and slope 0-646, clay loamy with 
SOM 2-3% and slope 2-646, loamy soils with SOM 2-3% or >3% and slope 0-696. Apart from these 
soil characteristics, pesticide properties (solubility, adsorption), climate, farming practices 
(irrigation, cover crops, rotation schemes) quantity and frequent application of pesticides are among 
factors that also influence losses by leaching, runoff and adsorption. 


Table 6. Soil leaching and runoff potential 


SOM % | Risk | Score | Texture | Risk | Score | Slope % | Risk | Score | Total score | SLRP 
«296 H 10 CL M 7  |0-2 96 L 4 21 H 
«296 H 10 CL M 7  |2-6 % M 7 24 H 
2-396 M 7 CL M 7  |0-2 96 L 4 18 M 
2-396 M 7 CL M 7  |2-6 96 M 7 21 H 
2-396 M 7 L H 10 0-2 96 L 4 21 H 
2-396 M 7 L H 10 42-6 96 M 7 24 H 
>3% L 4 C L 4 |0-2 96 L 4 12 L 
>3% L 4 C L 4 12-6 96 M 7 15 L/M 
>3% L 4 CL M 7 0-2 96 L 4 15 L/M 
>3% L 4 CL M 7  |2-6 96 M 7 18 M 
>3% L 4 L H 10 |0-2 % L 4 18 M 
>3% L 4 L H 10 |2-6 % M 7 21 H 
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Figure 8, illustrates the leaching potential of pesticides for the wider area of Trifyllia in 
Southwestern Peloponnese. SOM remains the most important soil constituent influencing pesticide 
sorption in soils [4] even though clay content has an impact on pesticide sorption. 

Organic matter and clay content together control the sorption potential of pesticides [18]. Soils 
with low sorption potentials are more sensitive to groundwater contamination than soils with high 
potentials. Interactions between leaching and sorption potential govern the overall sensitivity of the 
soil. A soil that has both a high leaching potential and a low sorption potential is the most sensitive, 
while soil with low leaching potential and high sorption is the least sensitive [18]. 

Fine textured soils rich in clay content have low sensitivities because they have slow 
permeability and high sorption potential. According to our rating system, soil leaching potential 
(SLP) is high in clay loamy soils with increased SOM and in loamy soils with moderate SOM 
content. Low SLP was observed in clay soils with low SOM. 
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Figure 5. Soil leaching potential of pesticides for the wider area of Trifyllia, Greece 


Appropriate farming practices must be applied to decrease leaching risk aiming to minimise the 
pollution of shallow aquifers in W. Peloponnese. This map can be used by local authorities in order 
to minimise potential negative environmental impacts of pesticide usage at farm level, and to 
suggest various mitigation strategies. Another potentially group of users are scientists working 
under the implementation of EU Water framework Directive in Greece. 


4. CONCLUSIONS 


Soil factors controlling losses of pesticides, and among them texture and SOM control pesticide 
movement in soil. Soil parameters were used and a practical and simple rating system was 
suggested for the soil leaching potential (SLP) for pesticides, in each soil class. 
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A map was compiled regarding SLP for the wider area of Trifyllia in Southwestern Pelopon- 
nese. Leaching potential varied ammong soil classes and high risk is observed in clay loamy soils 
poor in SOM and in loamy soils of the area which have SOM content. This map illustrates low 
leaching potential in clay soils with high content in SOM . It has been calculated that 71.9% of the 
cultivated land has moderate SLP and 15.096 has high SLP. 

Results have indicated that high LSP of pesticides (leaching and runoff) was found in soils with 

slope 2-6% and clay loamy or loamy texture. Losses in clay soils may be lower in comparison to the 
rest textural classes, and can be explained by the tendency of these soils to hold water and dissolved 
chemicals as they have more surface area on which pesticides can be adsorbed. 
Drip irrigation is suggested as the most effective irrigation system and farmers have to use the 
lowest required volumes for rational irrigation, taking into account soil properties to minimize the 
pesticides leaching risk. However, to manage effectively the pesticide leaching, authorities, local 
agencies and land use planners have to deal with the identification of areas susceptible to pesticide 
leaching. Greece must prepare detailed SLP maps especially for the intensively cultivated areas by 
linking pesticide models with digital soil maps. 
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Abstract 


The mountain of Parnassos, crisscrossed by a dense network of trails, is one of the ten Mountainous 
National Parks of Greece (Parnassos National Park). Parnassos network of trails includes numerous 
hiking and mountaineering routes, with various thematic interests and degrees of difficulty, among 
which is the “Korikion Andron" trail, which is the subject of the present research. This trail, is of 
particular ecological, archaeological, geological and scientific research interest. 

The main purposes of the present research are: a. the promotion of natural environment, 
biodiversity, landscape, geology, geomorphology, archaeology and mythology, b. the management 
and protection of the ecosystems and archaeological heritage resources and c. the strategic of 
sustainable development and ecotourism, in the wider area of the cave “Korikion Andron" at the 
Parnassos National Park. The appropriate signage and maintenance of the “Korikion Andron" trail, 
are prerequisites for the promotion and the safe use of the trail. 


Keywords: ecotourism; sustainable development; natural ecosystems 


1. INTRODUCTION 


The mountain of Parnassos, crisscrossed by a dense network of hiking trails and mountaineering 
routes, is one of the ten Mountainous National Parks of Greece. Due to the modern lifestyle, trail 
walking and hiking offer unique opportunities for contact with nature, biodiversity, ecology and 
cultural heritage, ecotourism of each region [1]. 

In the past, most trails were opened to facilitate communication of mountain areas with the 
lowlands and larger towns, and between the villages. Many trails, especially those in rural areas, 
were also opened to serve the movement of people and animals, the local logistical needs and 
generally the agricultural and pastoral life of the residents. In modern times most of these trails are 
being used in different ways or have been abandoned altogether. 

Nowadays, many of these trails, in the area of Mt Parnassos, have been mapped, upgraded and 
maintained under the responsibility of the relevant Forest Services, Parnassos National Park 
Management Body, Hellenic Federation of Mountaineering & Climbing, Hellenic Alpine Club of 
Arahova, and various groups of volunteers, leading to different degrees of alternation in their 
routes. In this way, they can be used both for outdoor recreation and for the promotion of 
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environmental, archaeological heritage resources, traditional and mythological features. Certain 
trails have been marked with appropriate direction and description signs (trailhead information 
signs, information/interpretive signs, destination signs, reassurance markers/blazes, You-Are-Here 
signs, identification signs, etc.). An important factor to increase a trail's functionality and traffic is 
the proper (pre) design with specific technical specifications, to highlight its particular 
characteristics in tandem with the safe movement of visitors. This is also a factor to reduce 
maintenance costs and promote the rational management of a trail. Main tools to achieve this is the 
proper trail signage which makes visitors feel safe and comfortable, and the explanatory signs that 
promote public awareness [2]. 

In addition, the “ecotourism routes" in “Protected areas" and “Natural Parks" are among the 
most important “tools” that experts use in order to illustrate the environmental features, but also 
historical, archaeological data and culture of certain areas, such as the “Korikion Andron" trail at 
the Parnassos National Park. 


2. MATERIALS AND METHODS 


2.1 Geographical location of the study area 

A dense network of trails are can be found at Mt Parnassos (Figure 1). “Korikion Andron" trail, the 
subject of this present research, is located in the south- eastern side of Mt Parnassos in Central 
Greece, in the prefecture of Fokida. Mt Parnassos, with Liakoura (2,456 m), Kalogiros (2,397 m), 
and Gerontovrachos (2,396 m) being the highest peaks, is one of most impressive and steep 
mountains of Roumeli (Central Greece). The main nearby villages are Eptalofos, Arachova, Delfi 
and Chrissa. 
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Figure 1: Map of hiking routes at the protected area of Parnassos National Park. 
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“Korikion Andron" trail (Route I) starts from Palaiopanagia near Livadi Arachovas and ends 
after 1 hour to the Cave of “Korikion Andron" (Figure 2). From Palaiopanagia with South-South- 
West direction, a hiker can follow the route (Route II) that ends to archaeological site of Delphi, 
after of 3-3:30 hours of hiking, an alternative route having as starting point the archaeological site 
of Delphi through European trail E4 and at to the Cave of *Korikion Andron". Southern Parnassos 
and especially “Korikion Andron" trail, is accessible to the visitor that comes from Athens via 
Livadia to Arachova village and then to Livadi Arachova. A trip from Athens to Arachova is 175 
km long (around 1h 40m by car), while from Lamia to Livadi Arachova is 80 km long (around 1h 
15min by car). 


2.2 Investigation method 


For the depiction of the environmental situation (vegetation, flora, fauna, geology, geomorphology, 
water resources, landscape), archeology and mythology, of Mt Parnassos and of the “Korikion 
Andron" trail, involved a series of different stages: the study of bibliographical references, 
systematic in situ observations (field-work), measurements using the Global Positioning System 
(GPS) satellite signals, observation and direct digitizing on the basis of different aged aerial photos 
and satellite images (Google Earth). Also, have been used topographical maps (Hellenic Military 
Geographical Service, scale 1:50.000 and 1:100.000), geological maps (Institute of Geology and 
Mineral Exploration, scale: 1:50.000), Digital Elevation Model (DEM) data (National Cadastre & 
Mapping Agency S.A.), hydrological data and forest maps of vegetation and land uses (Ministry of 
Reconstruction of Production, Environment & Energy, scale: 1:200.000). All primary data were 
imported in an apposite database and were transferred in topographical map and onto DEM data 
using ArcGIS for Desktop 10.3. Measurements were taken using the Trimble Juno 3D Series 
embedded with software ArcPAD 10.2. 


2.3 Institutional frame of the region - Mt Parnassos Protection status 


Mt Parnassos includes areas that are covered by a protection status at a National and Community 
level [3, 4]. These are more specifically the following: a. The Parnassos National Park, founded in 
1938, for the protection of the mountain's rich natural beauty. b. The Aesthetic Forest of Tithorea 
(200ha), for its special natural beauty and ecological importance. c. The Special Protection Area 
(SPA)-“Oros Parnassos" Code GR 2410002, for the protection of birds (NATURA 2000). d. The 
Special Area of Conservation (SAC)-"N.A. Parnassos-Ethnikos Drymos Parnassou-Dasos 
Tithoreas" Code GR 2450005, for the protection of types of habitats and species of flora and fauna 
(NATURA 2000) and e. The Parnassos National Park Management Body, founded in 2002, aiming 
mainly to the protection, conservation and sustainable management of the above mentioned 
protection areas and f. The Area of Outstanding Natural Beauty of Delphic landscape, for its 
aesthetic value and remains appreciably natural. 
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Figure 2. Palaiovouna Mt. (1,650 m) where “Korikion Andron” cave is located and the polje 
at Livadi Arachovas (Photo by Lanara T.). 


2.4 Vegetation - Flora - Fauna 

The vegetation zones encountered at the study area are: a. Quercetalia pubescentis (or deciduous 
broadleaf zone), consisting mostly of Quercus genus. forests. b. Quercetalia ilicis, consisting 
mostly of phrygana and maquis vegetation. The main plant species that occur in the study area are: 
kermes oak (Quercus coccifera), fir (Abies cephalonica), stinking juniper (Juniperus foetidissima) 
(Figure 3a), prickly cedar (Juniperus oxycedrus), jerusalim sage (Phlomis fruticosa), pink rock-rose 
(Cistus creticus), common hawthorn (Crataegus monogyna). At Palaiovouna area and the steep 
slopes of southern Parnassos Mt. above Delphi, a large number of rare and endangered plant species 
are found and are included in Annex II of Directive 92/43/EEC. Two endemic species of Parnassus 
are located in the area (Centaurea musarum, Silene guicciardii). The mountain of Parnassos is also 
important for the significant number and variety of protected aviauna species, particularly birds of 
prey. In Annex I of the Directive 2009/147/EC fifty five (55) birds (e.g. Circaetus gallicus, Aquila 
chrysaetos, Bubo bubo, Dryocopus martius, Dendrocopos medius Dendrocopos leucotos, Sylvia 
rueppelli) of the region are listed. As for other fauna species, thirteen (13) mammals (e.g. 
Rhinolophus hipposideros, Rhinolophus ferrumequinum, Myotis myotis, Barbastella barbastellus, 
Dryomys nitedula) six (6) amphibians (e.g. Bombina variegata, Rana graeca, Triturus alpestris), 
fourteen (14) reptiles (e.g. Testudo marginata, Podarcis muralis, Lacerta viridis) and ten (10) 
invertebrates (Zerynthia polyxena, Parnassius mnemosyne, Parnassius apollo, Lucanus cervus, 
Grossuana delphica, Morimus funereus), are listed in Annex II of the Directive 92/43/EEC. More 
common species such as the fox (Vulpes vulpes), weasel (Mustela nivalis), marten (Martes foina), 
wild boar (Sus scrofa) and wolf (Canis lupus) are also present at the area. 


2.5 Geological setting - Geomorphology - Water resources 

The morphology of the land relief, in the wider region of the Parnassos National Park, is defined by 
the mountainous massif of Parnassos with steep slopes, gorges and intense morphological contrasts. 
Mt Parnassos is the third highest mountain in Central Greece (Sterea Ellada), after the mountains 
Gkiona (Pyramida 2510 m) and Vardousia (Korakas 2495 m). The dominant structural elements are 
its limestone steep tops, with highest peaks Liakoura (2456 m), Kalogiros (2397 m), and 
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Gerontovrachos (2396 m). The area near “Korikion Andron” cave is dominated by midslopes, while 
over Delphi large limestone precipitous slopes are encountered known as "Phaedriades", creating a 
compact and impressive natural wall which is a morphological discontinuity of several kilometers 
length [5]. From the “Phaedriades” gushes the Castalian spring which was very important for both 
the sanctuary of Apollo and the Oracle of Delphi (Figure 3b). 


Figures 3a,b. Stinking juniper (Juniperus foetidissima) at “Kroki” area (Fig. 3a). 
The twin rocks of the Phaedriades (Fig. 3b) (Photos by Lanara T.). 


Due to the predominance of limestone (76.6%) on Mt Parnassos, karst phenomena are formed from 
its dissolution. As a result, Mt. Parnassos is mostly characterized by an underground drainage 
system and lack of surface flow, with sinkholes and caves, forming many karst springs at the foot of 
the mountain. Other karst formations are dolines and poljes [6]. Karst formations are an important 
element of the landscape and geomorphology of the region, such as the Eptastomos Sinkhole, the 
Karkaros of Lilaia, the polje of Livadi Arachova, Korikion Andro Cave (or else, Korykio Andro - 
Korikio Andro - Corycian Cave - Korykian Cave) and Neraidospilia Cave. 


EAE a ee aS 
Figures 4a,b. The entrance of “Korikion Andron" cave (Fig. 4a). 
The inside of *Korikion Andron" cave (Fig. 4b) (Photos by Lanara T.). 


2.6 History and Archaeology 


The trail leads to the famous Korikion Andron Cave (Figure 4a), which, according to Pausanias 
reports (Fokika) is "the most worth visiting of all the caves I saw"[7]. The Korikion Andro, sacred 
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to the Corycian Nymphs and the Muses, and a place of worship for Pan, may be the first religious 
center and the first oracle of the wider area of Delphi. Excavations inside the cave report findings 
dating from the Neolithic (4th millennium BC) to the Roman period (2nd century BC.). 

At the south foot of Mount Parnassos, set within a most spectacular landscape, lies the Pan- 
Hellenic Sanctuary of Delphi, with the most famous oracle of ancient Greece. Delphi was regarded 
as the center, or navel, of the world. Traces of settlements are rare and very fragmentary until the 
8th century BC. That is when the cult of Apollo prevailed and so began the development of both the 
Sanctuary and Oracle. The first stone temples of Apollo and Athena were built towards the end of 
the seventh century BC. Between the sixth and fourth centuries BC, the Delphic oracle, which was 
regarded as the most trustworthy, was at its peak. It was delivered by the Pythia, the priestess, and 
interpreted by the priests of Apollo. Cities, rulers and ordinary people would consult the Olympian 
god expressing their gratitude with great gifts which gradually filled the Sanctuary [8]. The 
archaeological site of Delphi, due to the global historical value as aesthetic and artistic significance 
monument has been included in the World Heritage List of UNESCO. [9] 


3. RESULTS AND DISCUSSION 


3.1 “Korikion Andron" trail at the Mt Parnassos - The route 

The suggested trail starts from *Paleopanagia", leading uphill on the eastern slope of *Palaiovouna" 
Peak (1650 m) to the Korikio Andro. The fastest way to get to the starting point is to follow the 
provincial road from Arachova to Eptalofos. After 8 km, on the left side of the road is a sign to the 
Korikio Cave at an altitude of 1120 m (Table 1). After about 20 minutes on the main forest road 
there is a sign suggesting the trail. It is signed with a triangular white and red frame, surrounded by 
scrub vegetation dominated by yew and semirocky ground, becoming rocky as we move uphill. 
After a 30 minute walk, a stunning view of the polje “Livadi” and “Gerontovrachos” (2396 m), the 
second highest peak of Parnassos Mt is being unfold. Climbing the carved stone steps a small 
plateau appears along with the small triangular entrance of the Korikio Andron Cave. Inside the 
highest height of the cave is 50 m and the length is approximately 100 m (Figure 4b). Stalactites 
and stalagmites compose impressive "sculptures". The cave was excavated in 1970-1971 by Pierre 
Amandry. The findings date back from the Neolithic to classical period, and mostly are painted 
pottery, figurines, jewelry, shells and animal bones had votive character [10]. 

From mentioned above plateau the panoramic view of the Corinthian Gulf and the mountains of 
the Peloponnese in the south, Kirfi Mt. in the southeast and “Livadi Arachovas" in the east is 
outstanding. The more adventurous hikers, after returning to “Paleopanagia” may head south - 
southwest on the forest road for 4000 m to meet EA trail (Figure 5). After 800 m, following the trail- 
signs, the junction that leads to the worth visited view point "Kroki" is found. Continue on the E4 
trail that leads to the archaeological site of Delphi (Figure 6a). The 3000 m zig zag trail is included 
in the Delphic landscape and coincides with the European trail EA. 


Table 1. Main characteristics of “Korikion Andron" trail (Route I & II) 
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Route | (short trail): Route ll (long trail): 


Paleopanagia (Livadi Arachovas) "Korikion Andron" cave 


-—-——-—-—- 570 m 

570 m 

1,360 m 

590 m 

10,000 m 
1:30 hour (including the return to the — 3-3:30 hours (not including the return 
starting point to the starting point 

. Rocky trail (800 m), semi-rocky trail Semi - rocky trail (5,700 m), rocky 

200 m trail (4,300 m 
Easy to Moderate Medium to Moderate 

Good directional signs (red - white 
Good directional signs (red-white square mark) and from Kroki to 
triangular frame) Delphi signs E4 trail (yellow - black - 

white square frame 
Low bushes (Quercus coccifera, Low bushes to the greatest sections, 
Juniperus oxycedrus, Crataegus dense fir forests (Abies cephalonica) 
mongyna) to the greatest sections, in some parts, the clump of stinking 
Abies cephalonica, Juniperus juniper (Juniperus foetidissima) near 
foetidissima in some parts "Kroki" 


Livadi Arachovas' polje, outstanding The traditional settlement of Delphi 
view, the beautiful chapel St. Triada and the archeological site, 
surrounded by perennial kerme oaks, outstanding views, the wild beauty of 
"Korikion Andron" cave, the entrance the steep slopes, rocky cliffs 

of cave: the panoramic view towards — "Phaedriades", wildflowers, "the 

the gulf of Corinth, Kirfi Mt. and landscape of Delphi": the panoramic 
Gerodovrachos (2396 m), flora and view towards the gulf of Corinth, the 
fauna of Mt Parnassos. settlements Itea — Crissa , Amfissa’ 
Olive grove. 


February to November February to November 


Source: Observations of the study group and various literature sources and existing reports. 
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Figure 5. Map of the proposed routes (Route I &II) points of interest and points of view. 


The view across the trial is stunning with the settlements of Delphi, Chrissa, Itea, Galaxidi and the 
Corinthian Gulf in the background. The archaeological site of Delphi, that has been included in the 
World Heritage List of UNESCO, appears in all its splendor. 


Figures 6a,b. The archaeological site of Delphi from route II (Fig. 6a). 
The Landscape of Delphi (Fig. 6b) (Photos by Lanara T.). 


3.2 “The landscape of Delphi" 
The "Delphic Landscape" is the wider area that includes the area of the archaeological site of 
Delphi, the traditional Olive Yard “Elaionas Amfissas" and the valley of the Pleistos River (Figure 
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6b). It has been declared as a protected area since 1981 and is consisted by two protection zones (A 
and B zone). Apart from the monuments of the archaeological site of Delphi, the Temple of Athena 
Pronaia, the Gymnasium and the Castalia Spring, the wider area of the valley includes numerous 
monuments and archaeological sites, from prehistoric to modern times, with special archaeological, 
historical, aesthetic value. The mentioned above, together with the natural environment that 
highlights the Delphic landscape, contributed to a cultural center of enduring value. The area is 
under special protection and management. Thus, only mild interventions are to be implemented 
aiming to the preservation and protection of the main features of the landscape. 


3.3 *Korikion Andron" trail management - promotion and sustainable development 

The preservation plan and some moderate customizations that have been suggested, aim to the 
conservation and protection of the paths' ecosystem, along with the cultural and archaeological 
heritage of the area. The plan is based on the fact that a well-structured path network will have 
minimal implications on the natural landscape, as well as on the path construction. Also, the 
technical specifications stated in the study aim to resource saving and in minimizing the future 
maintenance and management of the path (Table 2). 

The thematic trails have turned into one of the basic forms of forest recreation serving 
ecological, educational, nature protection causes, while at the same time, someone can gain 
important information on the rich history of the area. 

The identification, recording and evaluation of the problems that have been encountered as of 
now in “Korikion Andron" trail, are summarized in Table 2. This table serves as a tool for the trail 
manager, offering an overall mapping/visualization of problems and deficiencies. To facilitate the 
visualization and interpretation of the problems identified in the path, mainly related to the lack of 
constructions such as boardwalks and wooden steps, the insufficient signage, the proper 
maintenance (trail widening & clearing, tree & shrub trimming, etc.), one can find the geographical 
coordinates of the corresponding position below (Table 2). The appropriate signage and 
maintenance prerequisites for the safe use of the trail. According to N.C.N.S.T. (1996), signs are 
probably the quickest way to leave the trail user with a positive impression. The trail manager can 
transfer the relevant data (geographical coordinates) on a topographic map, or cartographic basis of 
his/her choice in order to use it in a more convenient way. 

A complete management system aims to the utilization of an areas' specific characteristics: the 
views, natural and important historical sites, along with the development of forms of alternative 
recreation (ecotourism, geotourism, cultural-educational tourism) [9]. All the above will aid to the 
sustainable development of the area. Parnassos Mt is a living laboratory of nature and ecology with 
its important and sensitive ecosystems. The mountains' broader area could be a model of alternative 
forms of mountainous areas. The natural and cultural heritage of the region, is able to act as a 
development keystone and the local community can become the guarantor of its protection [12]. 
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Table 2. Inventory and Assessment of “Korikion Andron" trail (Route I). 
Problems & proposals about the Trail Management 


Assessment of Trail Problems & Proposals about the 
Korikion Andron trail Management 
(Works Needed - Operations - Maintenance - Management) 


T =F a s [ae 


Place name 
Point distance from the starting 
point of the trail (in meters) 


Near 


Paleopanagia, 
starting point 


FOCHECHENERERBERENERNEERER TE 
Andron" Cave 
End of the trail 
pw] | | | |] | | [vem 
the return) 


Source: Observations of the study group and various literature sources and existing reports Length. 


Note: The dots (9) found at Table 2 indicate a problem/shortcoming in the infrastructure or maintenance of 
the corresponding point of the route. The dot also indicates that the management, promotion and marketing 
of the trail has been insufficient (or non-existent) and consequently there are measures that need to be taken 
both for the proper management and promotion of the trail but also for the protection and promotion of the 
natural environment of the area. 

Remarks: 

1: The starting point of the trail is near Palaiopanagia (Livadi Arachovas). 

2: “Trailhead information sign/kiosk" or “Information/Interpretive sign". The “Trailhead information sign" 
should include a double or triple bulletin board structure. The left display panel should contain general 
information about the trail (trail map/description). It should depict the general location of the trail in 
relation to other major landmarks [11]. “Information/Interpretive sign", which should contain specific 
information about: a. Vegetation, flora & fauna of Mt Parnassos, b. Geoloogy — Geomorphology, c. 
Delphi’ landscape, d..Polje at Livadi Arachovas and e. “Korikion Andron" cave. 
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3: "Destination signs", show direction and distances to various spots along the trail. 

4: “Reassurance Markers", are the paint or nail-on “blazes” that mark the trail. According to N.C.N.S.T. 
(1996), blazes should be within "line of sight" - when standing at a blaze marker, the hiker should be 
able to see the next one. Blazes should be continuous - even along road segments and other 
unmistakable parts of the trail. Blazes should be placed immediately beyond any trail junction or road 
crossing-even if there is a directional sign. 


5:  "You-Are-Here signs", may supplement maps at trailhead kiosks and other key locations, such as at trail 
intersections, along the route [11]. 
6: "Identification signs". They are simple, routed wood, identification signs which allow the hiker to find 


their location on a map in relation to what they are seeing. They are short and concise. Generally, an 
identification sign is appropriate for all sites listed on destination signs [11]. 
7: Reconstruction of the trail infrastructure or the construction of boardwalks & steps. 


4. CONCLUSIONS 


Parnassos network of trails includes numerous hiking and mountaineering routes, including 
thematic trails (nature trails, geological trails, trails, cultural heritage trails). The “Korikion Andron" 
trail is a combination of thematic trails, since it promotes the unique natural variability of the area, 
along with its geology, history and culture. The management and protection of the ecosystem and 
the archaeological heritage, the sustainable development and ecotourism in the area Parnassos Mt., 
is the main theme of the project. Any interference to the ancient trail that have been made in the 
past, is minimal and have been conducted by the Forest services. The future work that is proposed 
on project, based on sustainable development and promotion of the cultural/historical heritage is: a) 
Work aiming in the conservation and promotion of the paths' unique characteristics, b) Trail- 
blazing, c) Improvement of the trail and d) Promotion of the unique identity of the place and its 
history (ecological awareness, cultural heritage, ecotourism, suggested future trails). 
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Abstract 


The arrival of exotic marine species in a new area increases with proximity to seaports, thereby 
raising seaports bio-security concerns. The objective of this study is to show theoretically, how the 
paradigms of ‘spatial sorting’, “Swiss cheese model’ and * tens rule’ could be used to determine the 
invasion potentials of planktonic species introduced into a harbour via Ships' ballast water. Based 
on the ballast water samples collected, the probability (at a priori a-level of 0.05) of species found 
in sampled ships becoming invasive is not significant at p=0.043. The resultant propagule pressure 
could be sufficient to satisfy the requirements of regulation D-2 of the Ballast Water Management 
Convention (BWMC) of International Maritime Organization (IMO). 


Keywords: ballast water management; Harmful Aquatic Organisms and Pathogens (HAOP); Swiss 
cheese model; Spatial Sorting; Tens rule 


1. INTRODUCTION 


Shipping is the heart of International trade as most of the world's trade depends on shipping. 
Shipping moves over 9046 of the world's commodities. In the bid to move these cargos, ships tend 
to transfer approximately 10 billion tons of water known as ballast water internationally each year 
and an estimated 7,000 marine and coastal species are stowed away daily in the process [1] to new 
climes. The cargo and the ballast water singularly or in combination provide a safe immersion level 
for propulsion and maneuverability for the ship. Ballast water is therefore, the water used by ships 
to achieve a correct immersion level and to maintain balance after cargo is discharged. 

Studies by Gollasch and Leppakoski [2] for example showed that the survival rates of organisms 
within the ballast water tank decreases with time. With the advent of faster and bigger ships, the 
probability of this transfer has increased tremendously because of the reduction in voyage duration 
and the increase in the quantity of the organisms within a much bigger ballast water tank. A typical 
ballast water tank in a ship could take an amount of water that can be between 30-5096 of the 
overall weight of the ship. That's an enormous quantity of water representing between 13 to 32 
thousand metric tons of water, depending on the size of the ship [3]. 


1.1 Bio-security risks of ballast water 

The arrival of marine exotic species in a new area increases with proximity to seaports. This is as a 
consequence of the ballasting and deballasting activities of ships on international voyage at the 
seaports (Figure 1). Invasions in seaports therefore, are unintended and unavoidable externalities of 
shipping trade. These therefore have defined the seaports as high-risk nodes [1] or invasion fronts 
[4]. A study was able to show that the annual-displacement of pioneer invaders is twice as far com- 
pared with post-colonization conspecifics [4]. This makes protecting national borders against 
possible biological invasions a very difficult undertaking. 
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Marine exotic species or Harmful Aquatic Organisms and Pathogens (HAOP) can completely 
alter aquatic systems by displacing native species, degrading water quality, altering trophic 
dynamics, and restricting beneficial uses [5]. The potential of species transfer is compounded by the 
fact that all marine species have planktonic stages in their life cycle, which may be small enough to 
pass through a ship's ballast water intake ports and pumps. These include bacteria and other 
microbes, small invertebrates and the eggs, cysts and larvae of various species. 
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Figure 1. Uptake and discharge of marine species via ship's ballast water in seaports [3]. 


Even species in which the adults are unlikely to be taken on in ballast water, because they are 
too large or live attached to the seabed, may be transferred in ballast during their planktonic phase 


[6]. 


1.2 Invasion pathway 

In the context of this study, the invasion pathway between donor and recipient ports is lined 
with a battery of environmental hurdles for HAOPs to surmount in the form of predators, 
temperature, salinity, water flow variance etc. This is however circumvented when the organisms 
utilize the most commonly available anthropogenic transfer mechanism (i.e. transport vector) 
provided by international shipping in the ports. Once they are able to survive the prevailing harsh 
conditions within the ship's ballast tank, they are successfully hitchhiked to a new environment. 
Studies have shown that over 9096 of organisms in the ballast water tank do not survive a voyage 
[7; 8; 9; 10]. As soon as they are discharged into the new environment, their fate will now depend 
on the availability of suitable abiotic conditions (such as temperature and salinity) and friendly 
biotic conditions (such as presence of prey, absence of predators, competition, disease and 
parasites). These new arrivals are also expected to be in sufficient numbers (otherwise refer to as 
propagule pressure) to survive, spread, be established and ultimately become invasive within the 
new habitat. 


1.3 Problem statement 

As a consequence of the essential economic activities of shipping, the likely ecological and 
economic impact that may result from the discharge of planktons found in ships ballast water 
transported from one port environment to another, especially when they transform into marine 
pests, informs the necessity by this study to show how the underlying principles of some theoretical 
concepts can be applied in determining the bio-security of coastal seaports. 
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Measures to manage the bio-security risks of ballast water can be either onshore or shipboard. 
Onshore measures entail either managing the risk before voyage or after voyage. While shipboard 
measures entail either exchanging species rich coastal ballast water with species deficient mid- 
ocean water via a ship-safety procedure known as ballast water exchange (BWE) or treating the 
ballast water via treatment systems installed onboard the ship. The International Maritime 
Organization (IMO) through the ballast water management convention (BWMC), 2004 [11], has 
stipulated some prescriptive measures to mitigate these risks associated with ship-borne transfer of 
HAOPS in ballast water. These measures are in the form of numerical discharge standards for 
organisms known as performance standards (regulations D-1 and D-2). 


2. SOMEUNDERLYING THEORIES 


An understanding of some underlying dynamics of invasion is critical to invasion management and 
control. The most documented data on invasion for example is the cane toad's colonization of 
Australia. A better understanding of the invasion dynamics can be achieved according to Urban et 
al. [12] by considering the multi-spatial dimension of invasion as well as the effect of 
environmental heterogeneity and the dynamics of evolution. The effect of introduced species 
population density and natural occurring and anthropogenic barriers placed on their pathways to 
invasion are also critical. 


2.1 Spatial sorting 

Charles Darwin in his 1859 work proposed the natural selection mechanism where organisms 
are differentially successful over time. In modern seaports however, there is a different 
predominating reproductive success concept. That is the concept of spatial sorting, where organisms 
are differentially successful through space rather than through time. This concept describes the 
assortative manner by which population mate at spreading vanguards or invasion fronts [13] like the 
seaports. At the invasion front (e.g seaport), heritable variation could lead to some phenotypic 
attributive evolution. This ultimately will result in the phenomenon of spatial filtering [4] where 
fast-dispersing individuals will mate with only their kind (fast-dispersing counterparts) producing 
even much more dispersive offspring with more sophisticated dispersal-enhancing mechanisms than 
their forebears [4]. This explains why seaports are critical invasion fronts. 


2.2 Swiss cheese model 

The Swiss cheese model (SCM) proposed by Reason [14] used Swiss cheese as a metaphor for 
barriers that could be used to prevent accidents from occurring (Figure 2). It likens human-induced 
safety systems to multiple slices of Swiss cheese, stacked side by side. It is an accident risk 
reduction strategy. 
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Figure 2. Metaphorical Swiss-cheese model of human-induced barrier for ballast water 
management (modified from Reason et al. [14]; [15]). 

Reason [14] postulates that each barrier has some likely weaknesses or holes. These 

weaknesses or holes once they are aligned by chance could result in the occurrence of an accident 
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or in the case of this study, an invasion [15]. The SCM is therefore used in risk analysis and risk 
management in aviation, engineering and healthcare. It was originally propounded by Dante 
Orlandella and James T. Reason of the University of Manchester, and has since gained widespread 
acceptance. It is sometimes called the cumulative act effect. 

Collins et al. [16] used the SCM to analyze the effectiveness of a World Health Organization 
(WHO) surgical safety checklist designed to reduce the incidence of wrong-site surgery. Lubnau and 
Okray [17] also applied the model to the engineering of firefighting systems, aiming to reduce human 
errors by "inserting additional layers of cheese into the system", namely the techniques of Crew 
Resource Management. The SCM and two other systemic accident analysis methods were used by 
Underwood and Waterson [18] to carry out a comparative systemic analysis of the derailment of a 
train at Grayrrig. The outcome of the study establishes further the viability of SCM as a viable model 
of accident analysis. Li and Thimbleby [19] introduced a variant of the Reason's SCM called ‘the hot 
cheese model'. The hot cheese model is a more realistic model, as they represent defense layers as 
active and passive. The model is more flexible and therefore allows for in depth discussion. Reason 
[15] identified four failure domains, and these are: organizational influences, unsafe supervision, 
preconditions and specific acts. These domains are the causes of the holes on our Swiss cheese. 

In the case of ballast water management, some important examples of the Swiss cheese (or 
human-induced barriers) that are installed come in the form of policies from the IMO like the 
discharge standards (D-1 and D-2) of the ballast water management convention (BWMC), treatment 
or management systems installed either onboard the ship or onshore, flag and port state control 
monitoring systems (Figure 2). 


2.3 Tens rule 

The ‘tens rule' is a biological statistical rule on biological invasion propounded by Williamson 
and Fitter [20]. This rule explained that invasion occurs with a statistical regularity of one tenth for 
each transitional stage, from introduction through establishment and ultimately invasion stages. For 
the purpose of this work the ‘tens rule’ can be explained thus: that for species entrained in a ballast 
water tank and imported into a new environment, only a tenth (1/10) will be introduced into a new 
environment, and for the introduced species only a tenth of them will become established in the new 
environment. For the species established only a tenth of them will become pestiferous or invasive. It 
means therefore, that only 1/1000th of species survive the transition from entrainment into the ballast 
water tank to invasion. Williams and Fitter (1996) were able to explore the characteristics of exotic 
species using ecological flora data and discovered species abundance as a key variable. 

Using mammals and birds, Jeschke [21] found that strong conclusions cannot be made about 
the 'tens rule' as well as invasibility of islands and continents because of the incomplete records of 
species introduction available. The arrival of exotic species in a new area increases with proximity 
to ports [22]. One could therefore say that biological invasion is but the intended or unintended 
consequence of economic activity [23]. These generalizations have been shown to be useful for 
predicting the fate of introduced birds, terrestrial plants and insects [7] and shall be used in this 
study to show how it can be used to determine the bio-security risk of a ship visiting a port. 

The AQIS ballast-water risk assessment [24] defines ballast water risk as 


Riskspecies = P(@). p$). p(y). p(v) (1) 


where p(@) = probability of donor port contamination 

p(@) = probability that vessel is infected with organisms 

p(y) = probability that species survives vessel's journey 

p(v) = probability that the species will survive and become invasive in the new environment 
2.4 The precautionary principle 
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Principle 15 of the Rio declaration codified at an international level the precautionary principle, which 
stipulates that actions to prevent serious or irreversible harm to the environment should be encouraged 
especially where there is either a lack of or insufficient scientific information on the potential to harm 
of our inaction. The precautionary principle states that the burden of proof for the potentially harmful 
action by a proponent rests on the assurance of safety from the proponent and that when there are 
threats of serious damage, scientific uncertainty must be resolved in favour of prevention [25]. 

Jaric and Cvijanovic [26] proposed a Precautionary Principle (PP) approach in managing 
species introduction, because according to them the 'tens rule' might be more of an indicator of our 
lack of understanding of the impacts that established introduced species produced than the actual 
ratio of such species that produces the undesirable impacts. The outcome of the analysis by Taleb et 
al. [27] however, concludes that PP is important only for limited set of contexts and can be used to 
justify only a limited set of actions. 

However, as an extension and for the purpose of this study, PP presupposes that all organisms 
are potential invaders once they are translocated to a new clime that satisfies the preconditions for 
invasion in section 1.2. This is because any species removed from its native range and introduced to 
a new area has the potential to become an invasive species [28]. 


3. MATERIALS AND METHODS 


Three sampling stations were set up at each of Port Harcourt Harbour (PHH) and Okrika Oil 
Terminal (OKOT), making a total of six (6) sampling stations. The choice of the stations was based 
on the fact that they are the major import and export terminals along Bonny Estuary in Nigeria. 
Ballast water samples were collected from four ships; two each berthing at PHH and OKOT. 
Surface water samples were collected from each of the stations. Sampling of the ballast water was 
done using standard IMO G-2 Guidelines for Ballast Water Sampling Protocols; Outflow and 
Manhole Sampling Methods. Surface water samples were collected at PHH and OKOT stations by 
collecting surface waters at subsurface levels of 25-30cm depth. All collected water samples were 
filtered through 63um mesh plankton net for phytoplankton and 100um plankton net for 
zooplankton according to the methods of Smithsonian Environmental Research Centre. The 
plankton species were identified using the appropriate keys/texts [29; 30], standard bench 
references and a CD-ROM from UNESCO (2000). All the water samples were also analyzed for 
some physico-chemical parameters (Table 3) using the methods recommended by APHA [31]. 
One-way ANOVA was used to test for differences in plankton densities and ballast water 
physicochemical properties between stations. Where ANOVA models were found to be significant, 
unplanned multiple comparisons (using Tukey and unpaired t-test) were used to differentiate group 
differences. Correlation analyses were also carried out to determine the relationship between the 
physico-chemical parameters and plankton abundance (example in Figure 3). 
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Figure 3. Total phytoplankton density log (mg/l) as a function of sulphate. 
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4. RESULTS AND DISCUSSION 
4.1 Results 


4.1.1 Plankton numerical count 
The results of biological sampling (Tables land 2) indicated a total of 30 species made up of 4 
major taxonomic groups, namely bacillarophyceae, cyanophyceae (both phytoplankton), copepoda 


and rotifer (both zooplankton). 


Table 1. Taxa numerical count 


Bacillarophycae Cynophycae Copepoda Rotaria 
PHH 39 15 2 0 
OKOT 21 6 7 0 
Vessel A 4 0 0 0 
Vessel B 7 6 0 0 
Vessel C 2 1 0 1 
Vessel D 2 0 0 0 
Total 75 28 9 1 


Table 2. Plankton numerical count 


Phytoplanktons Zooplanktons 
PHH 54 2 
OKOT 27 7 
Vessel A 4 0 
Vessel B 13 0 
Vessel C 3 1 
Vessel D 2 0 


A total of 113 individuals of the various species were recorded (Tables 1 and 2). The results did not 
show any significant difference in the relative abundance between surface waters of PHH and 
OKOT using t-test (tea = 1.084, df =10, p20.05). Repeated measures ANOVA shows significant 
difference between the different species sampled (i.e bacillarophycae, cynophycae, copepoda, 
rotatoria). The variation is significantly greater than expected by chance (Figure 4: Repeated 
ANOVA, Fealc=3.856; df=3, 5, p=0.0315). 
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Figure 4. Summary of mean and SD total plankton relative abundance observed in PHH and 
OKOT. 
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Also, no significant difference in the relative abundance of total plankton between ballast waters 
of all sampled vessels was observed (Figure 5: ANOVA, tea = 2.268, df=3.3, p20.05). Comparison 
between zooplankton and phytoplankton abundance using the impaired t-test showed a slight 
significant difference between the two means (tea = 1.847, df = 10, p=0.05). The results also showed a 
strong positive correlation between DO levels and zooplankton abundance (r = 0.8317, p=0.01). There 
is also a strong positive correlation between BOD and zooplankton abundance (r = 0.8532, p=0.01). 
For phytoplankton, of all the physico-chemical parameters, only BOD showed positive correlation, 
although weak (r = 0.0723). For zooplankton abundance only BOD, sulphate, and nitrate showed 
significant linearity as well as correlation, whereas for phytoplankton abundance, sulphate and all the 
other parameters measured showed correlation and linearity (Figure 3). 


Mean and Standard Deviation 


30"*-*257T0 


0200 


Vessel B Vessel C Vessel A Vessel D PHH OKOT 


Sampling stations 


Figure 5. Summary of mean and SD total plankton relative abundance observed in ballast water of 
vessels as well as Terminals (PHH and OKOT). 


4.1.2 Physicochemical Parameters 


The results of the physico-chemical parameters (Table 3) did not show any significant difference 
between PHH and OKOT surface water (tea = 1.689, df = 3 p= 0.05). 


Table 3. Physico-chemistry of sampled stations 


sg E Bs ?o & E! E oe q 

T S= REE =a S £ m '- v € 
m a adp fg 58 8% 5 88 S E E 
1 PHH 6.91 26700 14 165 289 41 3.2 668.0 <0.05 0.07 
2 OKOT 7.54 | 31200 5 196 306 97 5.7 858.1 «0.05 0.07 
3 Vessel A 7.27 32100 56 20.1 313 49 12 901.3 «0.05 «0.05 
4 Vessel B 6.76 | 28200 18 175 296 24 0.8 766.8 «0.05 «0.05 
5 Vessel C 8.01 50200 12 33.0 297 65 1.6 1231.0 «0.05 «0.05 
6 Vessel D 6.63 49600 2 326 295 41 2.4 1296.9 «0.05 0.07 


4.2 Discussion 
The goal of ballast water management is to reduce the risk of organisms' introduction by removing 
or inactivating those organisms resident within the ballast water tanks of ships. 

The probability of invasion can be determined using the established methodology of simple 
probability law and the 'tens rule'. The risk variables that can be easily measured from the data in 
this study are p(y) and p(v). Probability of donor port contamination p(@) and entrainment into the 
ballast water tank p(¢)) of HAOP is assumed to be one (1) each following the precautionary 
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principle. The entire chain from uptake of HAOP into ballast water tank p(w) and p(¢)) to voyage 
survival rate p(y) and ultimately invasion p(v) is a numbers game known as ‘propagule pressure’. 
The propagule pressure is directly proportional to the probability of invasion (Equation 1). 

From a total of 30 species identified in this study, Nitszchia lineans and Triceratuim sp.(both 
phytoplankton) and Playtias sp (a zooplankton) are the only species not found in either of the 
samples from PHH and OKOT (Tables 1, 2 & 3). Applying the ‘tens rule’ the probability of these 
species being invasive will be p = 0.003. This means that these three species could be introduced 
into PHH. The implication of this will be that though the probability of the invasiveness of these 
species is quite low, they still pose some level of security risk to the environment as long as the 
invasion preconditions in section 1.2 are satisfied. This is especially so for vessels A and B whose 
salinity and electrical conductivity levels matches that of PHH and OKOT the most (Table 3). The 
treatments that are most appropriate for a class of organisms with size >50 um should be assumed 
applicable for all the zooplanktons and on the other hand treatments methods that are appropriate 
for organisms in the 10 — 50 um size class should be applicable to phytoplankton [32]. 

For the zooplankton population sampled on the other hand, only 1 organism has the likelihood 
of being introducible. It therefore follows that for the vessels sampled, the probability of 
introducing a non-existing species is 1 and the probability of that species becoming invasive 
following the tens rule is p=0.001. This means that the ships sampled did not pose any bio security 
risk to PHH, or Bonny Estuary at the period of the study. 

By assuming the ‘precautionary principle’ where all organisms are assumed to have invasive 
potentials unless proven otherwise, the organisms identified from the host environment (i.e PHH 
and OKOT) are all potential invasive organisms and also have a probability of being entrained into 
the ballast water tank of a ship and are ultimately introduced into the next port of call [28]. By 
applying the ‘tens rule’ however, 9% (p=0.09 at a priori a-level of 0.05) of the organisms will stand 
the chance of going through the process of introduction, establishment and ultimately becoming 
invasive or pestiferous. The probability of species found in sampled visiting ships (Vessels A, B, C 
and D) becoming invasive on the other hand is much more insignificant at p=0.043. By introducing 
a pre-voyage onshore treatment system for ballast water (i.e. pre-voyage treatment of harbor water 
for ships), these probabilities are further reduced to insignificance. In accordance with the 'tens 
rule’ the propagule pressure of organisms within the ballast water tank of the ship on arrival at the 
next port of call (NPOC), might not be sufficient to establish an invasive or pestiferous community 
in the new environment as long as the ballast water is treated. This is because the propagule 
pressure reduces with every protective layer of treatment added to the treatment system including 
the ship's own ballast water tank which serves also as an additional protective layer or barrier 
against introduction in the next port of call (NPOC). 


5. CONCLUSION 


The seaport as an invasion front is home to genetically dispersive organisms. In this paper, with the 
aid of field data collected from four ships (Vessels A, B, C and D) and two seaports (PHH and 
OKOT), four established theories were used to determine the bio-security levels of the four visiting 
ships to the two seaports. Based on the precautionary principle for example, it is assumed that all 
organisms are potentially invasive once removed from their host environment to a new one. This 
new environment must satisfy a certain set of environmental conditions for the inoculated 
organisms to become established and ultimately invasive. Another theory, the theory of spatial 
sorting, states that these organisms found in seaports have or are genetically developing higher 
propensity for dispersive or hitchhiking behavior than their ancestors. Once the ballast water 
containing the organisms is subjected to treatment, the metaphoric Swiss cheese or a human- 
induced barrier is introduced. The Swiss cheese in this case is ballast water management. This 
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management process is comprised of a series of barriers in the form of policies (like D-1 and D-2 
standards of BWMC), activities and technologies to achieve safe discharge of ballast water and 
sediments from ships on international voyage. Finally, the impact of these introduced barriers on 
bio-security follows a statistical regularity of the ‘tens rule’. The entire process chain with respect to 
these theoretical concepts showed how the capacity to introduce organisms with invasive capacity 
into a new environment is systematically impaired when, treated ballast water is discharged by 
ships into an environment. A further application of the statistical characterisation of the ‘tens rule’ 
logic showed that the resultant propagule pressure posed only a significantly low risk of species 
introduction to PHH, OKOT or the Bonny Estuary. This outcome could be sufficient to satisfy the 
numeric requirements of regulation D-2 of the Ballast Water Management Convention of IMO. 
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Abstract 


Riparian ecosystems support great biodiversity but in the same time are accepting intense pressures 
from human activities which often depending of intensity they degrade the quality and ecologically. 
The conservation, rehabilitation and restoration of them is a main concern for the protection of their 
ecological functions and biodiversity of the region. As study area was chosen Lake Agra in Pella 
(Macedonia), which belongs to the European ecological network Natura 2000 as SCI and SPA area, 
with code GR1240004. 

The purpose of this paper is to present the restoration projects and management measures in 
wetland ecosystems of Lake Agra that took place under the Life-Nature program implementation in 
this wetland, or the rectification of some habitats or the re-establishment of riparian forest. to 
restore biodiversity and their operation and to improve the ecological value of the wetland. 


Keywords: management; riparian ecosystems; Agras Lake; rehabilitation; riparian forest. 


1. INTRODUCTION 


Wetlands are ecosystems that support high biodiversity. At the same time they receive heavy 
pressure from human activities that take place in the surrounding area. Depending on the intensity 
of the human activities, wetlands show a varying degree of degradation. One of the key 
management measures required by the Ramsar Convention, of which our country is a member, is 
the restoration of wetland ecosystems and their functions. 

One of the most important ecosystems of the wetlands are the riparian forests and the riparian 
vegetation [1, 2]. Applications and rehabilitation programs of the riparian forest vegetation have 
been implemented in a number of wetlands of our country such as Lake Volvi, Nestos, Kastoria 
Lake, Lake Agras etc. Lake Agras was chosen as a study area, a semi-natural wetland in the 
prefecture of Pella in Macedonia. It is a part of the European ecological network NATURA 2000, 
featured as a Site of Community Importance (SCI) and Special Protection Area (SPA) with code 
GR1240004. It is also designated as a Wildlife Refuge [3]. 

The purpose of this paper is to present an integrated management of ecosystems in the wetland 
of Agras with the implementation of management measures for its habitats. 


2. RESEARCH AREA 


The wetland of Agras (Figure la) was selected as a research area. It is a semi-natural lake that is 
integrated in the European network Natura 2000. It is located in Pella, Macedonia Greece [4], 7 Km 
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from Edessa and extends to 600 ha. It takes its name from the hero of the Macedonian wars Captain 
Agra. During the ancient times, the marshy areas of the region was known as Tiavou Marsh [5]. In 
the region of Lake Agras, 16 types of natural habitats have been recorded (Figure 1b), 12 of which 
belong to terrestrial and 4 of them to wetland ecosystems [6, 7]. 


Figure 1. Location map (a) and habitat s map (b) (Platis et al. 2000). 


2.1 Riparian vegetation 

The vegetation types that appear in the study area are shrub lands, especially reeds, riparian forests 
and wet meadows. Until the recent decades and prior to the program implementation, the riparian 
forests had shrunk significantly. The main riparian forest species are willows (Salix cinerea and S. 
alba) and poplars. The recorded species in the riparian vegetation is 38 [8]. The existence of orchids 
and irises, shows great ecological interest. Three types of orchid [6] have been recorded. Reeds 
appears along the shores of the lake (Phragmites sp.), Straw (Typha sp.), Rushes (Juncus sp.), 
Nutsedge (Cyperus sp.). In over all, there have been recorded 325 taxa [5], while in the previous 
survey of Karagianakidou et al. (2003) there have been recorded 309 taxa, from 72 families and 182 
genera. The eight habitats that were originally found in the lake with the codes of Natura2000 were: 
3150, 72A0, 7210, 92A0, 92C0, 6420, 5350 and 924A. The riparian vegetation that was recorded in 
the area is a) woodland galleries with Salix alba and Populus alba (92AO) where S. cinerea, 
Humulus lupulus, Ulmus minor, Rubus sp., Juglans regia, Cornus sp. can be found and b) forests of 
Platanus orientalis (92CO) with Populus sp., Rubus sp., Ulmus sp. [8]. A map with the vegetation 
type at Agras wetland is given in Figure 1b, and 2. 
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Figure 2: A scheme with submergend rhizophytes in the water and helophytes at the old course 
of the River Edessaios (a or Transect 2) and at the channel banks (b or Transect 4) of wetland 
(Grigoriadis 2009). 
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2.2 Fauna 
The fauna (mammals, reptiles and fishes) that is present in the lake in addition to the bird diversity 
that inhabits the lake is rich. 

About 133 species of birds have been recorded in nine habitats of the lake [7]. The most 
Populus species is the coot with great difference from other species. The number of species that use 
the area during the winter does not show sharp fluctuations [9]. Over 68 species of birds use the 
wetland [5]. Most species prefer the central part of the wetland [10]. 

The presence of coypu (Myocastor corypus) that has been introduced by man, and a species of 
native lobster (Astacus fluviatis) that are protected by the Berne and Barcelona and CITES 
Conventions should be noted. 


2.3 Water 

There were three lakes in the area, the lake of Edessa, which is not currently present, the Nisi Lake 
and the Vegoritida Lake. The Nisi Lake grew in size and became Lake Agras, after human 
interventions, the dam construction from the Public Power Corporation in 1955, and irrigation 
channels. Lake Agras is being fed by springs of the Edesseos river and until 26 years ago (1990) 
was hydrologically dependent from Lake Vegoritida [5]. About 5000 ha of agricultural land uses 
water from the irrigated Agras Lake. The total area of the wetland Agras- Nisi -Vryta can be 
estimated to 4,351 ha of which the water surface occupies the 1/ 10? while the half the area of the 
wetland is permanently flooded and about 1/6" is seasonally flooded [11]. 


2.4 Geology 

The substrate of the lake consists of peat with predominance of alluvial deposits tertiary period. The 
region is dominated by limestone. The accumulation of peat in the basin can bel5 m thick [12]. It 
was mentioned as follows: «since the last glacial, limnotelmatic and pure telmatic conditions, 
controlled mainly by karstic springs and partly by surface waters, favored peat formation". 


2.5 Human activities 

In the wider region of the lake there can be found extensive tree crops (especially cherries) and 
poplars. The poplars spanning 201.5 ha [11]. The stock raising is also developed in the area. In the 
past years there was intense fishing activity in the lake, but now due to the reduction of the fish 
population, it has been diminished as an activity. Tourism has been developed during recent years 
in the wetland. 


2.5 Problems 

The study area is being degraded by several issues. Due to the drop in the water level of the 
Vegoritida Lake, the waterway supply to Lake Agras has stopped. The intensive farming with the 
use of fertilizers and pesticides degrades the quality of the waters of the lake. The observed increase 
of reeds is a consequence of the sedimentations occurring at the lake, with obvious reduction of the 
fish population. Also, the lack of food reduced the population of birds. 

Disturbance by humans probably contributed to the migration of the bird populations in the 
interior parts. This was observed in all parts of the lake, but mainly in the western and eastern part 
[10]. 

Eutrophication problems, increased reed and priority species discomfort have been recorded in 
the lake. By monitoring the changes of the wetland types a growth of agricultural crops around the 
lake at the expense of natural bushy vegetation and an expansion of 9% of the reed in wet meadows 
has been recorded [7, 13]. 

Threats have been recorded for the flora (orchids) and the riparian vegetation in the area, such 
as intense grazing, fire, vegetation cutting and forage [6]. 
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The riparian vegetation has been shrunk by the intensive agriculture, grazing, sewage and the 
waste that are dumped in the water body of the lake [8]. 


3. MEASURES REHABILITATION AND MANAGEMENT OF RIPARIAN ECOSYSTEMS 


3.1 Measures for the riparian forest vegetation 

For the restoration and the enrichment of the riparian forest vegetation, plantings took place, using 
planting material from the study area. The riparian forest species that have been planted and their 
number is given in Table 1. 

The aim of this measure was to restore the structural heterogeneity in vertical (floor number of 
trees and shrubs) and horizontally. The choice of planting material took into account the 
morphological (genetic) diversity to simulate the natural situation as much as possible. This means 
planting more than one species (e.g. species of willow, alder, poplar, plane) that have been as 
locally sourced as possible. These plantings were made in appropriate positions, both regarding 
what the plant needs, but also what the bird needs. 

In Agras a total of 910 trees were planted in 2006 in seven positions (1, 8, 9, 16, 17a, 17b, 18) 
of the wetland core as shown in Figure 4 and in an area of a total surface of 2550 m. 


Table 1. Riparian forest species and number planted. 


Species No (2006) 
Salix alba 344 
Salix cinerea 505 
Platanus orientalis 61 
Total 910 


3.2. Reed bed management 
A reed bed management measure took place due to the large area that the reeds had captured at the 
water surface of the lake. The primary management measure that took place was the experimental 
cutting. The cutting of the reeds took place both during summer and winter in an area of 
approximately 1 ha [14, 15]. 


3.3 Measures for the riparian avifauna 
To help the birds of the region, floating islands were designed and built to provide ideal places for 
resting, nesting and breeding of the species that live, winter and breed in the lake. 


3.4 Measures for the recovery of the biodiversity of wetland 

A number of interventions have been made aiming to improve and restore the riparian ecosystems 
of the region, with the aim of improving the wetland habitats [6, 16, 17]. 

To make the wetland friendlier for the fish fauna and the crawfish, channels that enabled the free 
movement of water were created, so that the water is well oxygenated. This way the habitats were 
improved for aquatic organisms and in particular for the endemic crayfish. A tighter control of 
fishing was introduced, especially during the breeding season. 
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VEGETATIONTYPES AT THE AGRAS WETLAND 


Figure 3: Map of the study area showing habitat distribution and relevé locations 
(Grigoriadis 2007). 
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Figure 4. Map of the riparian vegetation restoration actions of the wetland of Agras Lake 
(Grigoriadis 2007). 
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3.5 Protection measures of the wetland 

Keeping the wetland safe was possible with hiring seasonal guards and the cooperation of the 
competent governmental and non-governmental services, such as the Forest Service, the Fire 
Department, the wild life warden, the Municipality of Edessa, and the Hunting Federation of 
Macedonia and Thrace. 


3.6 Measures for monitoring the wetland 
The program provided the monitoring of habitats of the wetland Agras, emphasizing in vegetation 
habitats, the bird life and some of the hydrological characteristics. 


3.7 Measures for the ecotourism exploitation of wetland 

Under the Life Nature 2000 program, various infrastructure were created for the use and promotion 
of the lake ecosystems and to attract visitors. The wetland is located on the main road of 
Thessaloniki-Edessa-Florina and near the ski center of Voras (Kaimak-tsalan). 


3.7.1. Measures for ecotourism development 

The ecotourism infrastructure created in the wetland area of Agras includes;: 

1. Two ecotourism stands; one by the lake and one in the city of Edessa near the waterfalls for the 
distribution of printed material and providing information to visitors. 

Navigation paths and natural environment interpretation 

Observatories for the fauna-flora and the landscape 

Reception for the visitors, for video projections and information center 

Guest house for accommodation in Vrytta and 

Signs to inform the public at key points in the area. 


Qus dou r 


3.7.2. Measures for environmental education 

In the context of implementation of the second program Life Nature, information material about the 
flora and the fauna of the Agras Lake was compiled and printed, and an environmental education 
package for schools was created. Also, a room was equipped with audiovisual equipment for video 
projection and conducting lectures to groups of students visiting the area. The information hall is 
located next to the dam. 


4. CONCLUSIONS 


The implemented monitoring and rehabilitation program of the riparian ecosystems of wetland 
Agras, is one of the few that have been implemented in the Greek territory and it could be a model 
for integrated management of wetland protected areas. 

The positive outcome is that the program that was implemented in the wetland of Agras, 
sensitized the stakeholders and the local population. Through this program, they were informed 
about the multiple functions and benefits of the operation of sustainable management and 
designation of a wetland as an SPA area in the European network of NATURA 2000 and as an 
ecotourism destination. 
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Abstract 


The Sperchios River is the most significant river in Central Greece. Many settlements grow 
along the valley and intense human activity Is observed that affects the riparian ecosystems. The 
Sperchios river area is a designatedto the European ecological network Natura 2000 (GR2440002). 

The aim of this research is to record the literature till now of the Sperchios River up to the 
present day, to show the ecological importance of riparian ecosystems, to identify problems. The 
aim of this literature review is to highlight the ecological importance of the river ecosystems. Is 
important to mention that in the study area is located the largest natural riparian forest of Platanus 
orientalis in Greece. 

Literature was recorded for the period 1950 - 2015 and found overall 166 papers, the 44.5% of 
which are announcements in journals and conferences. The earliest recorded reference was in 1838 
by Gordon M.G. An increased interest in Sperchios is observed over the last 25 years (1990-2015) 
in which 34 of the total publications published the in our study period. 41.6% of the publications 
concerning hydrology, hydrogeology and pollution while the scientific interest in the riparian 
vegetation and forests recorded in the last 5 years and accounts for 4.2% of publications. The survey 
is of great scientific interest in riparian ecosystems of Sperchios river 


Keywords: Sperchios River; riparian ecosystems; management; riparian forest; protected area. 


1. INTRODUCTION 


The objective of the present study is to record the published literature over the last 65 years i.e., 
from 1950 until 2015. The Sperchios River flows through the homonymous valley, a location of 
significant importance for the ancient and natural history of Greece. The valley has several thermal 
springs most of which are located at the base of mountains Oiti and Knimi that emerge from the 
plains on the south, at north the foothills of Othris mountain with its local unique geology the valley 
on the west and south west is enclosed by the prominent Tymfristos mountain and the spectacular 
Vardousia mountain range respectively and finally at the east the valley prevails upon sea. This 
landscape and the valid evidences of its special geology: was the reason for the first scientific 
studies that were conducted to the area. Over the recent years due to the increase of the standard of 
living and the increased pressures upon the environmental resources, the consequence was the shift 
of the scientific studies to issues that affect and are affected by the modern society. The geological 
studies were succeeded by hydrologic and environmental studies. Furthermore the increased 
industrial capacity of the valley and the need for planning new infrastructures for unhindered 
economic activity fueled the publication of special studies for environmental issues such as 
pollution and floods. 
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The importance of the riparian ecosystems of Sperchios is not represented proportionally to 
their present value. As we will notice in the results, the riparian forested areas of Greece are 
overlooked by the local researchers due to the insignificant occurrence of wetlands and water bodies 
in Greece, less than 2% of total area [1]; therefore few riparian ecosystems in Greece, and the past 
strategic management from the state over the last century [2]; draining wetlands and shallow lakes 
and channelizing rivers and streams with earth and concrete levees. Over the recent years the state 
altered its policy, shifting its plans and infrastructure constructions towards a more 
environmentally-friendly approach e.g. the reestablishment of Karla Lake, Thessaly and the 
construction of Egnatia Motorway [2, 3]. 

The aim of this research is to record the literature till now of the Sperchios River up to the 
present day (for the period 1950 — 2015), to show the ecological importance of riparian ecosystems, 
to identify problems. 


2. RESEARCH AREA 


2.1 Riparian vegetation 

The majority of the vegetation consists of plane trees Platanus orientalis forming dense and gallery 
forest and they are registered as Platanion orientalis alliance, their reference code to Natura 2000 is 
92C0 and according to Palaearctic habitats their code is 44.71.[4]. In detail, pure stands of Platanus 
orientalis cover 714,30 Ha and 249,28 Ha in mix with Populus alba, Alnus glutinosa and Salix sp. . 
On the understory in various mixes we found Atriplex sp. , Lolium sp. , Scripus sp. , Plantago sp. 
etc. [5]. Beside the riparian forests, reed beds are forming along the river bank succeeded, in the 
plains near the mouth of the river, by thickets of Tamarix sp., Paliurus spina-christi, Rubus sp. , 
Spartium junceum , Onobrychis sp. and around of 1100 Ha of wet meadows and salt marshes 
consisted by Juncus maritimus, Salicornia patula, Scripus sp., Hordeum sp. and Limonium sp. [6]. 


2.2 Fauna 

The ecosystems of Sperchios host many species, the most important of which will be mentioned. 
From the insect group we found the strictly protected species of Leptidia duponcheli, Pieris ergane 
and Charaxes jasius. The under protection reptiles occurring in the area are Coronella 
austriaca, Vipera ammodytes, Ablepharus kitaibelli, Lacerta trilineata. The occurring under special 
protection status mammals and fishes of Sperchios are Nyctalus lasiopterus, Nyctalus leisleri and 
Lutra lutra (registered in Greece Red Data Book) and the fishes of Phoxinellus stymphalicus 
minutus and the endemic critical endangered Pungitius hellenicus [7, 8]. 


2.3 Water 

As many rivers in Greece, Sperchios exhibit a very seasonal flow from winter high fluxes to very 
low water levels during summer months. The key feature of the river is its sediment yield that 
reaches high values. The aquifers that supplies several springs that contribute to Sperchios are 
supplied by fragmented of high porosity calciferous formations of Oiti, Kallidromo and Othris 
mountains [9]. 


2.4 Geology 

The topography of the river vicinity is expressed in gentle gradient that is based on quaternary 
sediments, forming meanders and idle channels, surrounded by crop fields usually separate from the 
river with levees. The formed sedimentary strata are made from clays, sands, gravels and cobbles 
[10]. 
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2.5 Human activities 

The agricultural sector rules the current status of the river; levees constrain the riparian areas in 
most of its length minimizing the floodplains of the river, agricultural drainage systems increase the 
leakage of agrochemicals and fertilizers to the river and eventually to Sperchios estuary. Effluents 
from industries and villages end in the river [7], the city of Lamia is operating a sewage treatment 
facility since 1994 and discharge in a Sperchios ditch (Germaniki Tafros) of Sperchios [11]. Also 
several weirs are built in Sperchios and its tributaries. 


2.5 Problems 

The major problems of Sperchios deriving from the human interference to the river; levees, 
untreated effluents from local olive mills, the ineffective operation of sewage treatment facilities, 
illegal landfills located near river, that receive from locals construction debris, agricultural by- 
products and wastes located near river [12, 13]. 


3. MATERIALS AND METHODS 


To complete the study, an internet search was conducted, up today published literature on the river 
Sperhios. The publications were grouped according their means of publication and by their subject. 
In grouping according to the publication's type there were created eleven (11) different types: 

]. journal international, 2. journal national, 3. books, 4. conference international, 5. conference 
national, 6. workshops (workshops), 7. PhD, 8. Master, 9. bachelor thesis (Graduate), 10 studies and 
11. research report from research programs - technical reports and maps. 

The publications included in our study, are products of scientific research and unjustifiable 
popularized articles were not taken into account, although their number is very large. Also In our 
study, Publications referring exclusive about the Maliakos Gulf were excluded, in contrast 
combined publications referring to Sperchios River and Maliakos Bay were included recorded. 
our second criterion is the subject of the publications (7) categories: 1) riparian and aquatic 
vegetation - riparian forests 2) Hydrology - Hydrogeology - Pollution 3) ground - Look - geology 4) 
fauna 5) HISTORY - ARCHAEOLOGY - mythology 6) geothermal energy - sources and 7) 
protection - management - ecosystems. 

For the processing of the data was used the SPSS statistical package, and for creation of the 
graphs we used the Excel. 


4. RESULTS AND DISCUSSION 


The records about the Sperchios River are referring to the last 65 years, from 1950 to 2015. We 
retrieved more than 160 publications, in fact 166 published articles. The results from their analysis 
are presented in the following chapter. 


4.1 Publication's types 

The results referring to publication types are given in Table 1 The largest share is allocated to 
international journals, 31 papers recorded or 18.796 percentage, followed by research report - 
technical report-maps with frequency 27 or 16.3% of total publications. Impressive is the fact that the 
total number of scientific papers in international and national magazines reaches 41 papers namely 
23.5% of the published work for Sperchios. Publications in international and national conferences are 
hovering at the same share which is 35 articles or 2196. The great interest in Sperchios A significant 
number of theses THESIS and dissertations have been accomplished referring to Sperchios and its 
environment. The books issued for Sperchios reach the 14 or 8.4% of publications. 
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Table 1. Publications for Sperchio river per publication type 


Type of Publication number % 
Journal International 31 18.7 
Journal National 8 4.8 
Book 14 8.4 
Conference International 16 9.6 
Conference national 19 11.4 
Workshop 5 3.0 
PhD 6 3.6 
Master 14 8.4 
Bachelor thesis 7 4.2 
Studies 19 11.4 
Research & technical report- maps 27 16.3 
Total 166 100.0 


4.2 Publications according to their research subject 

The published studies for Sperchios river have been grouped according to scientific subject which is 
given at Table 2. It is evident from our results that the largest portion of the publications are focused 
on issues of Hydrology, Hydrogeology and pollution or quality of the river water with 69 similar 
surveys or 41.6 % of published research. Publications about environmental protection and 
management attain 35 papers or 21.1%, while much research has been done about soil science, 
geology and the riverbed with 22 papers or 13.3% of publications. Studies on the subjects of 
riparian vegetation and riparian forests materialized during the last decade with a total of 7 posts or 
4.296 of them. 


Table 2. Publications for the Sperchios river per SUBJECT RESEARCH 


Subject of Publication number % 
Riparian vegetation & forest 7 4.2 
Hydrology- hydrogeology- pollution 69 41.6 
Soil — Bank- Geology 22 13.3 
Fauna 6 3.6 
History — Archaeology-Mythology 11 6.6 
Geothermic- Spings 16 9.6 
Protection — Management-Ecosystems 35 21.1 
Total 166 100.0 


A thorough look shows that the most scientifically popular subject of the publications is 
Hydrology- hydrogeology- pollution, Hydrology- hydrogeology- pollution with 69 publications 
(41.6% of total), the shares in the means of the later publications are allocated according to the 
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following percentages the 27.5% are in journals, the 17.4% in Conferences, 23.19% PhD & Masters 
and 14.5% are Research & technical report. 

The second more frequent publications topic is the Protection and Management reaching a 
quarter of their total number. Out of these 35 publications, the 25.7% is in journals, the 22.9% in 
conferences, 5.5% PhD & Masters and 8.6% are Research & technical reports. 

The scientific subject that is placed as the third most frequent topic is Soil-Bank-Ecology: Soil 
- Bank- Geology. From 22 posts journals and conferences are sharing the same percentage with 
27.3 96, followed by Masters and PhD's share with 4.5% , and finally Research & technical report 
and Studies are sharing the same percentage with 18.2 % of the publications. 

The publications referring to History-Archaeology- Mythology forms a cluster in the issued 
books with 45.5% of the total publications followed by conferences and journals with percentages 
36.4% and 18.1% respectively. 

Publications about Environmental issues that are focusing on environmental status and its 
contents such as its riparian vegetation and forests, were published during the last decade. The 
largest portion (43%) of them were published in journals followed by Conferences and studies and 
technical reports with 2896 and 2996 respectively. 


4.3 Publications per decade 

Table 3 shows the temporal distribution of posts per decade from 1950 until 2015. today. From 
Table 2 and the Figure 1 it appears that the greatest scientific interest were manifested in two 
decades, those of 2000 and 1990, with 48 and 39 posts respectively, reaching approximately 52.496. 
During the last 25 years the 73.5% of the total publications were published. Especially in the last 
five years, new research Was published about the riparian forest and vegetation of Sperchios. 


Table 1. Publications for Sperchios river per decade 


number of 
DERE Publication 4 
1950-1959 3 1.8 
1960-1969 5 3.0 
1970-1979 15 9.0 
1980-1989 21 12.7 
1990-1999 39 23.5 
2000-2009 48 28.9 
2010-2015 35 21.1 
Total 166 100.0 
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Figure 1. Evolution of publications for Sperchios river. 


5. CONCLUSIONS 


After the recording and analysis of the published work about Sperchios River, several interesting 
conclusions are inferred. 

The scientific work which is published in international and national, journals and conferences, 
exceeds 44.5%, which indicates the importance of riparian ecosystems of Sperchios river. 

The escalation of publications recorded in the ‘90s, In which the publications were almost doubled; 
compared to the previous decade sustaining its ascending trend in the following decades. 

This is linked with the increased scientific interest of the scientific community about the 
riparian ecosystems as a result of the promotion, enhancement and public disclosure of the 
problems created in the river systems from the intense human activities in the basin, resulting in the 
awareness and the increased environmental concerns on behalf of citizens. 

The importance of riparian ecosystems Sperchios is shown by the conception and delivery of 
theses and dissertations about the quality and the management of water resources in the river basin. 

This trend was provoked by the serious and frequent floods of the river due to the 
anthropogenic interventions in Sperchios channel and its potential floodplains.. 

The topics of water quality, aquifer issues, geothermal and mineral springs, geology, 
hydrogeology and riverbed dominate the published work about Sperchios the last 65 years as 
recorded by our research. The flooding of the river is a matter of concern to the local community 
and the management authorities of the region. 

Certainly the oldest publication ever recorded for Sperchios is a travel visit of Gordon M.G. 
in1838, at Thermopylae. Interesting is also another historical source for the region of Fthiotida 
which was published in 1973 and is actually a reissue of a historical book that was first published in 
1907. From these reports it appears that the first publications of the last century for Sperchios 
related published work of historical and naturalist-travelers referred to the region of the river. 

The publications for the riparian vegetation of the Sperchios river is quite recent and took place 
the last two decades. The first recorded reference About the riparian vegetation of Sperchios is a 
mapping made by NAGREF in 1991 and three years later in 1994 published by Koumpli-Sovantzi 
L. and Vallianatou I. [14], the first floristic scientific work for the region in a international journal. 
The first publication about the riparian forests of Sperchios was from the forester Gogoulos in 2004 
[15], at the conference entitled " NATURA Sperchios-Maliakos": Interestingly, the first study about 
the plane-forest of Sperchios prepared by the forester A. Xyrogiannis, 2003 [16], director of Forest 
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Agency Department in Sperchiada. Especially in the last five years, new research published in the 
riparian forest and riparian vegetation of Sperchios. The publications for riparian vegetation and 
riparian forests have been up to 43% in peer-reviewed journals and 28% in scientific conferences, ie 
34 are scientific papers and the remaining approximately !4 studies. 

The increased number of publications about the environment highlights the distinctive features 
of the valley [17], and its delta as a legislated protection area, and also the problems and 
degradation that is facing due to anthropogenic impacts on the broader river basin. 


References 


[1] http://www.eea.europa.eu/soer/countries/gr/land-use-national-responses-greece (accessed March 18, 2016) 

[2] Dodouras, S., Liratzaki, E. and Papayiannis, Th. (editors) (2014), Walking guide Lake Karla, Mediterranean 
Institute for Nature and Anthropos (Med-INA), Athens, 28-30 ( In Greek). 

[3] http://www.egnatia.eu/page/default.asp?la=2&id=19 (accessed March 19, 2016). 

[4] European Commission DG Environment, 2007, Interpretation manual of European Union Habitats, Brussels, 
Belgium. 

[5] Xyrogiannis, A., 2003. Management Report of Sperchios Platanus orientalis forest. Forest Service of Sperchiada. 
Sperchiada. 

[6] Efthimiou G., Mertzanis, A., Sapountzis, M., Zakynthinos, G. 2005. Anthropogenic effects on Spercheios river 
Delta - Actions for Protection, Restoration and Management of natural ecosystems. Proceedings of the 
International Conference HELECO ’05, February 3-6, Athens, Greece, 1-10. 

[7] K. Georghiou, A. Legakis ( Supervisor), Natura 2000 standard data form for site GR2440002, the Ministry for the 
Environment, Physical Planning and Public Works (YIIEXQAE) and the Greek Biotope/ Wetland Centre (EKBY). 

[8] http://www.iucnredlist.org/details/18875/0. (accessed March 19, 2016). 

[9] Daoulas E., 1995, “Flood infrastructure at Sperchios river “, Proccedings “Sperchios 2000 + Environment and 
Development", Lamia 4" of May, 153-162 ( In Greek). 

[10] Maroukian H., Pavlopoulos K., 1995, Geology and Geomorphology of the river Sperchios drainage basin, 
Proceedings of Proccedings “Sperchios 2000 + Environment and Development", Lamia 4" of May, 203-215 ( In 
Greek). 

1] http://www.lamia.gr/el/content/biologikos-katharismos (In Greek). (Accessed March 19, 2016). 

2] http://sperxeios.blogspot.gr/2009/06/blog-post.html. (In Greek). (Accessed March 19, 2016) 

3] http://sperxeios.com (Accessed March 10, 2016) 

4] Koumpli-Sovantzi, L., Vallianatou I., 1994. Floristic notes from aquatic stands of Central Greece (Sterea Ellas), 
Candollea 49 

[15] Gogoulos 2004. The riparian forests of Sperchios. Proceedings of the national Conference on NATURA 
"Sperchios-Maliakos " 

[16] Xyrogiannis, G., 2003.AtayeipiotiKy £x0gor tov platanus forest of Sperchios river. Forest Services of Sperchiada. 
Sperchiada. 

[17] Topaloglou, C., Efthimiou, G., Perakis, C. 2014. Image classification with SVM in a NATURA 2000 network 
protected area in Central Greece. Proceedings of the 1" International Geomatics Applications Conference 
"GEOMAPPLICA " University of Thessaly, Greece, 8-11 September, 2014, Skiathos island, Greece, 307-313. 


13" International Conference on Protection and Restoration of the Environment 285 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


Agroforestry for High Value Tree Systems: system description 


A. Pantera”, P.J. Burgess’, R. Mosquera Losada’, G. Moreno’, N. Corroyer’, 
J. Mc Adam‘, A. Rosati’, A. M. Papadopoulos’, A. Graves’, A. Rigueiro Rodríguez? ; 
N. Ferreiro-Domínguez’, J. L. Fernández Lorenzo”, M. P. Gonzalez-Hernandez’, 
V. P. Papanastasis®, K. Mantzanas*, M. Upson’, P. Van Lerberghe’, N. Malignierand”’ 


! Forestry and Natural Environment Management, TEI Stereas Elladas, Karpenissi, Greece. 
? Cranfield University, Cranfield, Bedfordshire, MK43 OAL, UK. 
? Department of Crop Production, EPS. University of Santiago de Compostela. University Campus, 27002-Lugo, Spain. 
^ Forest Research Group (INDEHESA). University of Extremadura. Plasencia 10600, Spain. 
5 Chambre d'agriculture de Normandie , Chemin de la Bretéque, CS 30059, 
76232 Bois Guillaume Cedex, France. 
° Agri Food and Biosciences Institute, Newforge Lane, Belfast BT95PX, UK. 
7 Consiglio per la ricerca in agricoltura e l'analisi dell'economia agraria, centro di ricerca per l'olivicoltura 
e l'industria olearia (CRA — OLD, via Nursina 2, 06049 Spoleto (PG), Italy. 
8 Aristotle University of Thessaloniki, Department of Forestry & Natural Environment,Thessaloniki, Greece. 
? Institut pour le Développement Forestier, France. 
10 Association Française d'Agroforesterie, France. 
* Corresponding author: Email: panteranatasa ? gmail.com 


Abstract 


This paper attempts to synthesize the agroforestry systems involving high value trees based on the 
information gathered under the framework of the FP7 research project “AGFORWARD”. Although 
ecological and socioeconomical contexts vary among sites, these systems share some common 
challenges. The systems described involve apple, orange, chestnut, walnut and olive trees that are 
combined with agricultural crops such as chickpeas, barley and others or are grazed by sheep. In 
England, the grazing of apple orchards has long been a common practice and it is still practised on a 
considerable proportion of traditional orchards. The introduction of sheep to the orchard can 
minimize the need for mowing and at the same time it can positively contribute to providing animal 
feed for sheep production enterprises. In North-western France, pollarding is still a living practice 
very linked to the management of a typical landscape, where “bocage” ("traditional" hedgerows 
network on field boundaries) constitute the main component. In the South, pollards are generally 
found as remnants of a formerly much more widespread practice. In this wood-pasture, the land 
with trees is systematically grazed by domestic animals. In Spain, hardwood species are commonly 
harvested after long rotations of up to 50 or 60 years. Silvopastoral management and 
implementation of legume pastures could allow reducing the economic costs of these plantations 
and optimize their environmental functions. Agroforestry with chestnut (Castanaea sativa Miller) is 
a traditional land use system in North West Spain. Although chestnut groves are rarely intercropped 
(due to the low understorey production) or grazed (due to the fear of tree damage), the groves create 
a fine-grained mosaic of land uses including cropland and forests. Chestnut woodlands are also one 
of the best habitats for the commercial production of edible mushrooms. Another valuable system 
involves orange trees intercropped with chickpeas. Greece is the 17* of the 121 orange producing 
countries contributing 805500 tonnes to the world total of 71305973 tonnes. Finally, olive trees 
alone or in orchards are found in all parts of the country that have a mild Mediterranean climate. 
Olive trees are the only tree component in the typical olive culture. Quite often, however, other 
trees are found as well, including carobs (mainly in Crete), almonds, walnuts, apricots, fig, poplars, 
plums etc. (almost everywhere), either together with the olive trees or along the boundaries of the 
olive orchards. Animals may graze spontaneous vegetation or planted crops (ex. wheat or barley). 


Keywords: apple; orange; olive; chestnuts; walnuts; grazing 
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1. INTRODUCTION 


Agroforestry is the practice of deliberately integrating woody vegetation (trees or shrubs) with 
crops and/or animal systems to benefit from the resulting ecological and economic interactions. 
Existing research indicates that appropriate application of agroforestry principles and practices is a 
key means by which the European Union might achieve more sustainable methods of food and fibre 
production whilst producing both profits for farmers and environmental benefits for society. The 
AGFORWARD research project (January 2014-December 2017), funded by the European 
Commission, is promoting agroforestry practices in Europe that will advance sustainable rural 
development. 

Within the framework of AGFORWARD ten stakeholders groups were created across different 
countries in Europe to promote agroforestry involving "high value trees" such as fruit trees (e.g. 
olive [1, 2, 3], walnut [4], chestnut [5], apple [6, 7, 8], orange [9]) and trees grown for high value 
timber (e.g. walnut and wild cherry [10]). Stakeholders groups held national meetings between May 
and November 2014 to identify the main opportunities and challenges faced by this type of 
agroforestry in their farms. This Participative Research and Development Network (PRDN) is 
integrated in work-package 3 of the AGFORWARD project (http://www.agforward.eu/index.php 
/en/high-value-tree-systems.html). 

Den Herder et al [11, 12] reported that agroforestry involving fruit, olive and nut trees covers 
about 2.7 million hectares, corresponding to about 0.6% of the territorial area in the EU. The area of 
agroforestry including other “high value” trees would therefore be higher. According to the same 
authors, the largest extent of agroforestry with high value trees can be found in Italy, followed by 
Greece, Spain, France, Portugal and Romania. 

This paper provides a synthesis of ten “high value tree” agroforestry systems examined in the 
AGFORWARD projectwork-package 3 (WP3) based on their components, structure, ecosystem 
services and economic value. It includes each of the six countries listed above except Portugal and 
Romania. 


2. COMPONENTS OF SELECTED SYSTEMS 


In agroforestry systems there are three potential sets of elements that can be managed by 
humans; these are the tree or woody component, the herbaceous vegetation such as agricultural 
crops or forage pasture species, and livestock. As stated by Nair [13], in order for a land use system 
to be designated as an agroforestry system it should have a woody component. The tree component 
in the ten studied agroforestry systems were apple trees (3 systems), olives trees (3 systems) and 
chestnut, walnut, orange and ash trees (in the remaining four systems). It should be noted that ash 
(Fraxinus sp.) is included here due to its high timber value as well as its use as a forage tree. 
Mosquera et al. [14] found that the tree component has a major effect on understory production as it 
affects the amount of light reaching the ground. They state therefore that the trees most suitable for 
agroforestry will be those species that have low branch density and are self-pruning. The initial 
research suggests that there is a wide range of tree heights with the most intensive systems having a 
low canopy height of 2 m and the traditional systems reaching 12 m in height. 

The potential choice of understorey crop species is particularly large in Mediterranean areas 
and can include cereals and horticultural crops such as asparagus, bulbs, mushrooms, grapes and 
wild grown species. Grass, with or without legumes, is the predominant understorey crop in most 
systems. It tends to be the dominant choice of understorey crop in Atlantic and Continental 
agroclimatic zones where radiation levels tend to be low. Grass is better adapted to shading than 
many arable crops because the focus is on vegetative growth and because the high biodiversity it 
has [15]. 
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Most of the silvopastoral systems with high value trees include sheep grazing on a grass 
component. One exception in Galicia in Spain is the use of an authochtonous pig breed as the 
animal component in an extensive system of chestnut. Because the primary focus in most high value 
tree systems is the tree component, it is important that the chosen animal species or breed will have 
to have only minor effects on the trees. Indeed, the choice of animal species and breeds that have 
only minor effect on trees is one of the main goals of most of the research groups participating in 
this project [16]. This is evident from the generally low stock densities used in most of these 
systems. 


3. STRUCTURE OF SELECTED SYSTEMS 


Most of the systems are composed of two strata which are vertically arranged in space. This 
spatial arrangement is common within the European agroforestry practices, as compared to the 
multi-strata systems such as the oasis systems found in North Africa or those related to home- 
gardens. Light or radiation constraints imposed by the high tree density on the crop component 
determine the type of plant species to establish. Two of the studied systems in the WP3 use shade 
tolerant species such as asparagus and mushrooms. This practice is of great interest to estimate their 
potential in other areas with market demand for these products, which may enhance farmers' 
income. 

With the exception of the traditional olive, chestnut and pollarded systems, where trees are 
more scattered, trees are planted in linear rows. These linear systems are mostly intensive and/or 
modern systems with tree planted at high density in lines in order to facilitate the use of machinery. 
Tree density is lower in traditional and old, rather than intensive and relatively young systems, 
which allows farmers to reduce labour costs and increase production, and was identified during 
stakeholder meetings as one of the innovations that should be examined during the AGROWARD 
project [16]. 

In terms of the temporal arrangement, the systems can be characterized as coincident (grazed 
walnuts), intermittent (livestock grazing) and concomitant (all other systems). In many silvopastoral 
systems, sheep are removed during winter months due to scarce feeding resources, with the 
exception of the walnut systems in Spain. In addition, in the agrosilvopastoral olive system in 
Molos, Greece, sheep are introduced after the crop component is harvested. Each of the studied 
systems would appear to allow continuous long-term production, in that they use the same crop and 
animal components over time in a repeating annual cycle. 


4. ECOSYSTEM SERVICES OF SELECTED SYSTEMS 


Where measurements were taken, each of the agroforestry systems provided a range of 
ecosystem services, enhanced biodiversity, and help protect important habitats. Agroforestry 
provides numerous provisioning, regulating, cultural and supporting ecosystems services. A 
common characteristic of almost all the systems provide is that they food from both crops (olives, 
apples, nuts, vegetables) which is the main aim of the system, and animals (meat and dairy 
products). The only exception is the French pollard system that provides food as a livestock product 
(meat and cheese). Fuelwood is also a potential product from all the systems, and this should be 
promoted within the bioeconomy sustainable concept. In the case of olive trees, the wood is also 
used for local crafts and the production of various artefacts. 

Agroforestry provides regulating ecosystem services such as local climate regulation. This is 
valuable, especially in Mediterranean areas where trees provide shelter to livestock and reduce the 
ambient high temperatures during the summer months and make them more resilient to extreme 
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heat and temperature. Water quality improvement, nutrient cycling, and water flow regulation can 
also be important at a regional scale. Increased levels of carbon sequestration, stored in the above- 
and below-ground biomass of the trees, also contribute to global climate mitigation. Other 
regulating services include disease regulation and pest control, both issues of concern to the 
stakeholders that participated in meetings organised for AGFORWARD [16]. 

Agroforestry with high value trees also provides a variety of cultural and supporting services. 
These include improved aesthetics, increased employment and education opportunities, and 
maintenance of cultural heritage. As Isted [17] mentions, traditional agroforestry systems are an 
important part of the culture and heritage of many European areas, and in such areas they are 
viewed as systems that need to be preserved and sustainably managed. 


5. ECONOMIC VALUE OF SELECTED SYSTEMS 


As reported by Graves et al. [18], agroforestry systems and practices need to be financially viable 
and socially acceptable to practitioners. In this study all of the systems were commercially 
managed, with the exception of one subsistence system. Depending on the intensity of the system 
(traditional vs intensive) labour can be low or high. This is also related to the mechanisation level, 
which, in most systems, is high. High mechanisation levels can allow for more efficient 
management and can lead to higher economic return to the farmer. One of the significant inputs in 
many agroforestry systems is the labour of the individual farmer; however the perceived “cost” of 
labour varies between countries and farms. It is possible that some farmers do not see time spent on 
the farm as a cost but view it as a livelihood strategy or a way of life, and this has implications for 
the sustainability of such systems. 


6. CONCLUSIONS 


The primary focus of most "high value tree" agroforestry is the sustainable production of the high 
value tree species. However in many situations there are opportunities to integrate additional 
understorey crops or grass and livestock systems with either financial (related to the extra products 
provided, or the reduced management required for mechanical operations) or societal benefits (such 
as improved carbon sequestration for climate regulation, reduced water pollution, or improved 
aesthetic benefits of the landscape). These systems, most with a traditional base, provide a 
promising land management option which should be to be promoted. 
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Abstract 


The Agia Lake is a small artificial Lake in the Prefecture of Chania, Crete. It is used as a recreation 
area and, at the same time, is used to irrigate agricultural land in the region. The Lake is now a habitat 
for many species of flora and fauna and is included in the Natura network. One of the problems of the 
Lake is the drop of its water level during the summer due to the over-extraction of its water. This 
problem occurs increasingly in recent years and especially during the years with reduced rainfall. The 
work presents the technical works and actions that have as their primary objective the control of the 
level and the quality of the waters of the Lake in order to protect it effectively. 


Keywords: Agia Lake; environmental management; reservoir; wetland 


1. INTRODUCTION 

The Agia Lake is located near the village of Agia (after which it was named), in the Prefecture of 
Chania, in Crete, approximately 9 km from the city of Chania. It covers an area of approximately 30 
ha, it is located at an altitude of 80 m and is about 5 km from the Sea (Figure 1). The Agia Lake is 
artificial. It was created in 1927-28 in the catchment of Keriti, with the construction of a dam which 
interrupts the flow of a tributary of Keritis, the Xekolomenos. The water of the Lake is supplied 
from the tributary and from springs located on its banks and its bottom. The area was a marsh 
before the Greek Public Power Corporation (PPC) turn it into an artificial Lake, for the production 
of hydropower via a power plant. Now, the power plant of PPC doesn't operate. 


Figure 1. Panoramic view of the Agia Lake. 
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This small Lake hosts a wide variety of aquatic plants, but also very important species of fauna, 
including rare species of fern and frogs. The Lake is also a natural shelter for many birds, migratory 
or not. It is characteristic that it hosts around 215 species of aquatic and predatory birds. The 
ecological significance of the Agia Lake is reflected on the fact that it is included in the Natura 
2000 network and is protected by international treaties. However, this important ecosystem is 
threatened by three main categories of problems: 

1. Pollution of groundwater and surface waters in several cases is caused by the misuse of 
pesticides, chemical fertilizers, waste etc. Part of the pollution comes from nutritious ingredients 
and contaminants from upstream of the tributary that empties into it as he passes by farms and 
residential areas without sewers. Furthermore, the area around the basin of the Lake is covered by 
farmlands, especially with citrus crops. 

2. The over-exploitation of water. The problem is most acute in the summer due to flawed 
agricultural practices, such as watering at times of great heat (which is harmful for plants too) or 
replace traditional crops (e.g. the xerophyte olive) with others that require a lot of water. Also, the 
fact that in recent years the waters of the Lake are pumped for water supply needs of neighboring 
areas and other activities, led to the deterioration of the problem. 

3. The solid waste deposits, the earth fillings, the land clearings, the plotting and building and other 
unauthorized activities on the banks. A part of these effects is connected with the use of the Lake as 
a recreation site. 

To tackle the problems that the Lake faces, administrative and technical measures have been 
taken occasionally. The first include verification of the quantity and quality of the water of the Lake 
and executive measures for their preservation at satisfactory levels. The technical measures regard 
works and actions for reducing water losses and increasing capacity of the basin. 

This work describes the technical works and action that have been implemented (and 
programmed) aiming at environmental management and utilization of Agia Lake and its 
surrounding area. 


2. THE ARTIFICIAL AGIA LAKE 


The artificial Agia Lake became operational in 1929 for the support of the Small Hydroelectric 
Plant (SHEP) Agia of PPC, one of the first hydroelectric plants in Greece. The SHEP, at its launch, 
had a total power of 0.90 MW, with three units of 300 KW each. 

The total area of the Agia Lake, at its highest level, is estimated at 120,325 m? and its volume at 
215,138 m’. Concerning the depth of its waters, maximum depths ranging from 4 to 7 m at the time 
of its creation are reported. Nevertheless, the Lake depth fluctuates, mainly with seasonal variation, 
as follows: 

Spring: The Lake is filled with water. Statistically, the maximum water level is reached at early 
spring. 

Summer: The Lake level drops because its waters are used for irrigation and water supply. 
Some years it dries completely with result goats to graze on its bottom. Other years it maintains 
water in streams and puddles at its bottom (Figure 2). 

Autumn: Begins to fill again with water. 

Winter: Continues to fill with water. In episodes of intense rainfall, overflows that cause 
damage to the surrounding area are often observed. 

The average supply of water in the Lake is estimated to be approximately 7885 m°/h. This 
implies that in the Lake flow in (and, correspondingly, flow out) approximately 69 million m? per 
year. 


292 13^ International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Figure 2. The Agia Lake dry (August 2014). 


The Lake, since its creation, gradually acquired wetland characteristics. These characteristics 


retained after the operation of the hydroelectric power plant stopped (two of the three units were 
decommissioned in 1968 and the last one in 2009). On May 23, 2009, the Lake, along with the other 
facilities of the power station, were granted from the PPC Renewable Energy, a subsidiary of the 
PPC, to the Chania Prefecture, "in order to create a green space and recreation area and in this way 
to contribute significantly to the environmental upgrading in the region". 


The area of Agia Lake is registered as a wetland in the Greek Wetlands Inventory of the Greek 


Biotope/Wetland Centre (EKBY) with the following information[1]: 


AGIA RESERVOIR 


Wetland Code: 434376000 

Geographical Coordinates: Longitude: 23?55'00" Latitude: 35?29'00" 

Location: 1 km SW of the Agia village. 

Altitude above sea level (m): 80 

Area (ha): 7 

Wetland Type: Reservoir (predominant type) 

Biotic characteristics: 

Flora: Emergents: Typha domingensis, Scirpus maritimus, Schoenoplectus tabermontani 
Fauna: Birds: Hieraaetus fasciatus (vulnerable), Circus aeruginosus (vulnerable, migratory) 
Most significant present values: Irrigation water (great), Game support (great), Scientific 
(medium), Recreational (medium), Educational (medium) 

Significant present uses: Irrigation water supply (high), Hunting (low) 

Factors changing the wetland's ecological character: 

Pollution: Municipal wastewater (great), Municipal solid wastes (great), Agricultural point 
source pollution (medium), Non-point source agricultural pollution (great) 

Other anthropogenic activities: Establishment of new housing facilities or expansion of old 
ones (small), Overpumping of ground water (great), Irrigation schemes (great), Establishment 
or expansion of cultivated fields (small), Establishment or expansion of livestock facilities 
(small) 

Most significant positive actions: Ecological studies 
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Now, the area of the Agia Lake has highly developed flora and fauna and offers shelter to rare 
species of birds, fishes and amphibians. For this reason, it has been included in the Natura 2000 
Network and has been designated as a Site of Community Importance (SCI) under Directive 
92/43/EOK, codenamed GR4340006, and as a Special Protection Area (SPA) under Directive 
79/409/EOK, codenamed GR4340020 [2,3]. 


3. THE PRESENT SITUATION 


The Lake of Agia, particularly during the last two decades, has received strong environmental 
pressure with significant impact in its qualitative and quantitative characteristics and the ecosystems 
which it hosts. The bulk of this pressure is man-made and includes: 

a. Activities that cause pollution of waters, as pollution from farm work and disposal of solid 
waste and rubble. 

b. Disturbing activities near the Lake, as recreation, hunting etc. 

c. Exploitation of its waters. 

A recent study of physico-chemical parameters of the water of the Lake showed that, based on 
the classification system of the WFD Common Implementation Strategy [4], this is in the "High" 
condition regarding the values of hydrogen ions (pH) and total Nitrogen (TN) and in the "Bad" 
condition regarding the values of total Phosphorus (TP) measured [5]. Similar studies have 
highlighted the problem of pollution of the waters of the Lake as a result of agricultural activity in 
the region (in the area operates a farm, while in the basin of the Lake there are systematic citrus 
crops) and the proximity of built-up areas without sewers [6]. A phenomenon associated with the 
pollution is the expanding of the vegetation (especially of Reedy) inside the Lake, with negative 
effects on its ecosystems. 

The over-exploitation of the waters is a serious environmental problem for the Lake. The 
waters of the Lake are being exploited for different uses from 5 local agencies: The Land 
Reclamation Organization of Varipetro, The Municipal Enterprise for Water and Sewage of Chania, 
The PPC, The Organization for the Development of West Crete and The Land Reclamation 
Organization of Agia-Kolymbari. Still, illegal water abstractions from individuals have been 
denounced. As a result of increased pumping for meeting the needs in irrigation and water supply, 
there have been several cases where the Lake has completely lost its waters. Especially during the 
summer season in recent years, it is quite often for the Lake to turn into a shallow swamp. The 
problem is most acute in years marked with smaller rainfall, as it was for example in 2012 and 
2014. It is also characteristic that the depth limit of 1.4 m which, in recent years, has been 
nominated as a measure for the protection of Lake ecosystems, often, is being trampled. 

The drop in water level of the Lake is also linked to the reduction of its capacity due to earth fillings 
and accumulation of sediment on its bottom. In fact, because of these problems, it is estimated that, 
the capacity of the reservoir was restricted to approximately 50,000 m [7]. 


4. WORKS AND ACTIONS FOR ADDRESSING THE PROBLEMS 

It is widely accepted that the large part of the problems facing the Agia Lake is due to the lack 
of coordination among the agencies involved in its management and exploitation [8]. Accordingly, 
a decision has been taken by the Region of Crete for the elaboration of an integrated Special 
Environmental Study that will provide for the establishment of a management body of the Lake and 
the surrounding area as an important step for the rational management and protection of this 
important wetland [9]. 

A series of works have been launched for the operation of the Agia Lake as a model 
environmental Park. These works include: 


294 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Appropriate delineation of the area of the Park to make the maintenance of the site feasible and 
effective. 

Re-planning and delineation of the paths for pedestrians and bicycles on the West, North and 
South zone (Figure 3). 

Creation of resting points at regular intervals and in appropriate places with good visual contact 
with the natural beauty of the Lake. These points will be equipped with appropriate shelters or 
observatories of the natural environment and the bird life. 

Creation of a central point of entry with appropriate information and marking. 

Organization of a car parking area. 

Organization and enrichment of the planting. 

Planning and organization of the necessary urban equipment (observation points, shelters, 
information kiosks, toilets, resting points, waste bins, informative signs, traffic barriers, 
lightings and constructions and games for the younger visitors). 

Renovation of the premises of the old hydroelectric plant and its conversion into a Renewable 
Energy Museum and environmental education center (Figure 4). 


y we ‘ 


Figure 3. A new pavement at the periphery of the Agia Lake. 


Figure 4. The renovated building of the old hydroelectric plant. 


These works, many of which are already being executed, are mainly located in the Western 


zone of the Lake, where is the main entrance, while retaining the eastern zone untouched as there 
are the most sensitive components of the ecosystem of the Lake. 


13" International Conference on Protection and Restoration of the Environment 295 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 


C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 


ISBN: | 978-960-6865-94-7 


Recently, bathymetry and mapping of the vegetation in the Agia Lake was conducted aiming to 
study the accumulation of sediment on its bottom [10]. As a follow-up to this study, a new study 
was conducted to clean the bottom of the Lake and increase its capacity. The dredging is planned to 
become gradually on parts of the bottom to protect the biodiversity of the Lake [11]. 

Also, in the region, infrastructure projects are executed and studied that will have an indirect 
effect on the environmental protection of the Lake, like: 

- New boreholes to cover part of irrigation and water supply needs that are now covered by the 
waters of Lake [8]. 

- Maintenance works on the water transmission network from the Lake, for mitigation of losses. 

-  Sewerage system in residential areas in the drainage basin where the Lake belongs [12]. 


5. CONCLUSIONS 


The Agia Lake is a good example of an artificial lake that is no longer used for the purpose for 

which it was constructed, i.e. to support a hydroelectric plant, but has evolved into an important 
habitat and recreation place. Nevertheless, while the Agia Lake is a very important ecosystem of 
Crete, is facing man-made impacts that threaten its environmental characteristics like other 
ecosystems near inhabited areas. The most important of these impacts infers to the pollution and the 
reduction in water levels due to the over-exploitation, mainly during the summer season. 
Dealing with the effects and the preservation of the ecosystem of the Lake is attempted with a series 
of works and actions in the region. These works and actions cover different aspects. The most 
important of these concern the limitation of pollution of waters, the control of the water level of the 
Lake and the convenience of visits to the site without disturbing the ecosystems of the Lake. Some 
of the works have been executed and already have a positive impact in the region. Others are in the 
process of implementation or programming. The completion of these projects is estimated to 
contribute to effective environmental management and protection of the area for the benefit of 
society. 
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Abstract 


A growing urban population along with a shift towards modern lifestyle, result in the production of 
large quantities of Municipal Solid Wastes (MSW). 80% of these wastes end in dumpsites, while 
the rest are laid in sanitary landfills. 

This study focuses on the exploitation of the MSW generated and suggests an algorithm which 
can provide us with a step-by-step selection method for the location and the size of a Waste-to- 
Energy (WtE) facility targeting for the maximum energy output, while also considering the main 
obstacle, which, in many cases, is the final gate fee. 

The developed algorithm has been validated with typical case studies in Greece. 

This study's results reveal that the development of a solid approach in selecting the site and the 
size of a WtE facility can be feasible. However, the maximization of the R1 energy efficiency factor 
requires high utilization factors. The minimization of the final gate fee requires high R1 values and 
high amounts of metals’ recovery from the bottom ash, along with an economic exploitation of 
recovered raw materials, if any. 


Keywords: RI factor; Waste-to-Energy facility; municipal solid wastes management; gate fee 
minimization 


1. INTRODUCTION 


As the population is growing in large urban centers as well as the shift to a modern consumer 
lifestyle, have resulted in the production of large quantities of municipal solid wastes [1]. The 
concentration of wastes is a major issue in such societies and their proper management is imperative 
and necessary. Unfortunately, only 2096 of the existing landfills are sanitary [2] while a high 
percentage of the existing landfills are dumpsites. Wastes disposal on landfills is responsible for 
carbon dioxide (CO2) and methane (CH4) emissions, while the latter enhance the greenhouse effect 
25 times more than carbon dioxide [3]. 

An alternative option in waste management can be the energy recovery or energy from wastes. 
Energy recovery from wastes can be achieved through two processes: Biological and thermo- 
chemical process. The first one includes anaerobic digestion as well as fermentation while the 
second includes combustion, pyrolysis and gasification [4]. However, the majority of waste to 
energy facilities are focused on thermal treatment technologies and particularly on combustion 
process [5]. MSW that cannot be recycled or landfilled can constitute a fuel in waste to energy 
facilities. 
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It has been proven that wherever a waste to energy facility is operational, the recycling rates have 
increased, too [6]. Thus, we can say that WtE facilities can enhance the recycling rates instead of 
reducing them. Moreover, waste to energy facilities can reduce the weight and volume of municipal 
solid wastes by 75% and 90% respectively, avoiding land capture for sanitary landfills [7]. 

On the other hand, waste to energy facilities can produce energy in the form of electricity and 
heat. Energy from wastes, according to US Department of Energy, is recognized as a renewable 
source of energy in the form of biomass due to the large percent of included organic materials, in 
contrast with included materials derived from fossil sources. Nowadays, the development of 
renewable energy is high at the public agenda compared to other forms of energy, in order for the 
environment and the human health to be protected. 

A major issue which emerges when a waste management system is going to be implemented is 
the land usage. Nowadays, as the population is growing, mostly in urban areas, reaching high 
density, land available for waste treatment method is obviously crucial. Furthermore, country 
islands with restrict boundaries have to face the same problem. It is known that landfilling methods 
require large available land area in order to be proper designed and operational and when a waste 
management system has to be considered in countries where lack of available land is a problem [5]. 
Waste to energy facilities could be an attractive solution for coping with such problems. Thus, land 
requirements for waste to energy plants are dramatically decreased and due to high pollution control 
and the possibility to support increased energy demands, in the form of electricity, heat and cooling, 
could be feasible for these facilities to even be implemented in the center of the town [5]. However, 
a crucial point that should be taken into consideration in the development process of energy 
recovery facilities is the gate fee. According to "Costs for Municipal Waste Management in the EU" 
European Commission report [8], the gate fee is defined as: "The gate fee paid represents a unit 
(usually per tonne) payment made by the local authority to the service provider to generate a 
stream of revenue". It is a cost that is usually covered by local authorities but also is depending on 
the administrative structure of each country. Sanitary landfills have cheaper gate fee than energy 
recovery facilities [5], therefore, the latter in order to be more attractive must adopt techniques that 
could reduce it to the minimum possible. 

European Union, in an attempt to ensure the quality of energy production, introduced efficiency 
criteria specifically for the energy generated by MSW, in the energy sector at first. Thus, according 
to the Waste Framework Directive 2008/98/EU, an energy efficiency factor (R1 formula) has been 
established. This efficiency factor when has values over 0.60 leads to a combined waste treatment 
method and energy recovery facility otherwise the plant is characterized as disposal (D10) i.e. only 
waste treatment facility [9]. It is also an energy factor that is based on energy balance of the under 
study facility and express the output power utilized, also determining the corresponding size of the 
facility. Thus, R1 formula focuses more in the increase of the exploitation of energy derived used 
by third parties [10]. 


2. METHODOLOGY 


The collected data that will be described in this chapter will be processed by using the developed 
Algorithm (Figure 2). The interaction between these data will reveal the most appropriate site and 
the size of the plant, when compared to other locations, where the energy factor is the highest and 
the gate fee is the minimum possible. The interaction of the data collected are targeted to evaluate a 
specific site, mainly according to the technical considerations of the proposed area. When the 
technical aspects of the area have been satisfied, each area is evaluated according to its potential in 
reaching maximum energy efficiency factor and minimum gate fee. 
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2.1 Site evaluation model 

The major advantage that WtE plants have is the small land requirement along with the major 
environmental benefits. However, various technical considerations have to be taken into 
consideration when a specific area is proposed for the implementation of such a facility. Below we 
summarize what technical parameters should be satisfied in order for an accurate evaluation to be as 
accurate as possible. 


* Proximity to waste generation center * Proximity to landfill (for ash disposal) 
* Proximity to electricity connection lines * Proximity of fuel sources 

* Proximity to district heating or cooling * Access roads 

* Proximity to water e Traffic 

* Proximity to industrial steam consumers * Utilities 


22 Size evaluation model 

The available solid wastes as feedstock in incineration plant with energy recovery, as it may be 
easily realized, constitute the ultimate parameter of WtE concept which also determines the size of 
the plant. Once the available amount of MSW ready to be treatment in incineration furnaces has 
been determined, the estimation of calorific value constitutes the major factor that may reveal their 
ability to produce sustainable and clean energy. It is the initial parameter which its estimation 
concludes to energy input of the system. Compounds with high NCV have resulted in high energy 
input and therefore increased power output. 

However, what should be also emphasized is the potential of heat users. It is not common sense 
for a plant to produce a specific power output based on the available MSW where fewer users are 
ready to exploit this power. Incorrect dimensioning of the plant may result to loss of energy 
production while installation and operation cost would not be coped with. Consequently, the 
estimation of the available MSW that can be used for energy recovery must be properly studied and 
guaranteed through the year in order to ensure the feasibility of the plant. According to [11] an 
estimation of the installed capacity of the plant (Y) can be achieved by using the next equation 1, 
where X the amount of MSW: 


Y29-105?.X—249 (Eq. 1) 


Since there are several available technologies for thermal treatment of wastes including grate 
combustion, fluidized bed, RDF combustion, rotary kiln technology, as well as gasification 
processes such as pyrolysis and plasma, the most proven technology with wide range of 
implementations, is the grate combustion using MSW as received as feedstock, representing 80% of 
the installations worldwide. Consequently, in order to reach the most reliable results, the above 
mentioned technology has been selected. The energy recovery by using this technology is at the 
range of 0,5MWh - 0,7MWh per tonne of MSW when the plant's output is only power. In case of 
heat production, the energy recovery can be as high as 2MWh. When a CHP scheme is 
implemented the output of the plant can reach 0,5MWh — 0,6MWh electricity plus IMWh heat. 

The energy contained in MSW when combusted can be converted into useful energy in the 
form of electricity, heat and steam. Various WtE plants based on the potential market, they use the 
most appropriate technology to produce energy. Thus, globally, there are operational plants that 
their energy production is either in the form of electricity or heat as well as they use CHP 
technology in order to achieve both electricity and heat production. Energy Report III (status 2007- 
2010) issued by CEWEP (2012) reveals that across Europe there are in operation 184 WtE plants 
using CHP technology, 83 plants that only produce electricity and 47 plants that only produce heat. 
Accordingly, the mean energy recovery rate was 21.696 for plants only producing electricity, 77.2 
for plants only producing heat, while the energy recovery rate for CHP plants was 1596 for power 
and 37.5% for heat respectively. 
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2.3 R1 energy factor estimation model 
European Union, pioneering, has introduced an energy factor in order to ensure the quality of 
energy production. However, specific values of this factor must be reached for the authorization of 
the plant. Waste Framework Directive 2008/98/EU has set this value in the order of 0.60 for plants 
that were granted permit before December 2008 and 0.65 for future plants or plants that will be 
granted permit after the particular date. 
The energy efficiency factor can be calculated from the following equation 2: 

E, — (B, + E; ) 


P 
1 
0.97-(E,, +E, ) (Eq. 2) 

According to European Commission guidelines for the interpretation of the R1 energy 
efficiency formula for incineration facilities (2011), each indicator represents: 

Ep means annual energy produced as heat or electricity. It is calculated with energy in the form 
of electricity being multiplied by 2.6 and heat produced for commercial use multiplied by 1.1 
(GJ/year). 

Ef means annual energy input to the system from fuels contributing to the production of steam 
(GJ/year). 

Ew means annual energy contained in the treated waste calculated using the net calorific value 
of the waste (GJ/year). 

Ei means annual energy imported excluding Ew and Ef (GJ/year). 

0.97 is a factor accounting for energy losses due to bottom ash and radiation. 


2.4 Economic analysis model 

In order to formulate a comparative economic analysis, both expenses and revenues have to be 
investigated. The expenses of a WtE include the construction cost of the facility, the land cost for 
the implementation, the maintenance and operation cost, the cost of imported fuel as well as the 
transportation cost. Gains of a WtE facility include electricity, heat and steam revenues, credit 
carbons and metal recovery revenues and the most important, the revenues from gate fee. 

Although the above mentioned revenues constitute a considerably economic support for the 
project, what should also be properly calculated is the gate fee. It is a cost that is usually covered by 
local authorities but also is dependable on the administrative structure of each country. Conse- 
quently, this gate fee represents the expenses for a proper waste treatment. Comparison of gate fee 
paid by the authorities between landfilling method and waste treatment with energy recovery 
reveals that the latest require by far higher gate fees. According to [1], a Waste-to-energy facility 
can be characterized as an attractive alternative option for waste treatment method when gate fee is 
considered low or government supported.The typical mathematical model used for the economic 
analysis, in order to estimate the economic feasibility of the project, is mostly based on the final 
determination of the gate fee. The evaluation of expenses and revenues of the plant, by using 
several economic tools such as NPV, the IRR and the CPBP, will finally formulate the 
corresponding gate fee for the proposed area and the size of the WtE facility. 


3. RESULTS AND DISCUSSION 


The collected data will be processed by using the next Algorithm (Figure 2). The interaction 
between data will reveal the most appropriate site and the size of the plant, when compared to other 
locations, where the energy factor is the highest and the gate fee is the minimum possible. 

Since there are no WtE facilities in operation in Greece, the proposed country has been selected 
in order to validate the proposed algorithm. More specifically, four Greek cities such as Athens, 
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Thessaloniki as well as Larisa and Volos have been selected due to increased population toward 
Greek cities resulting to increased amount of municipal solid wastes as well as due to high 
population density and therefore to the lack of available land area for implementation of a proper 
waste treatment method. Furthermore, a considerable number of industries are active in these 
regions resulting to higher utilization of the heat output. The amount of MSW produced in Greece 
according to [12] is almost 450kg per capita, which 39% is generated in the wide area of Attica, 
while 19% is generated in Central Macedonia where the city of Thessaloniki is situated. Two waste 
management systems in Greece are used: landfilling and composting. The first one treats the 88% of 
the generated MSW while composting is used for the rest 1296 [13]. 

Athens is the biggest city in Greece and constitutes the capital of the country. However, the 
examination of the Athens city includes the wide region of Attica. The city is located in central 
Greece, it has an area of 3,808km? and cover 2.9% of the total area of the country. According to the 
last census (2011), the population of Attica was 3,752,973 [14]. Being the city with the higher 
population has resulted to high generation of MSW. Thus, the potential of wastes generated for 
treatment in a WtE plant is about 2200kt [15] annually with NCV about 9-10 MJ/kg. 

Thessaloniki is the second biggest city in Greece after Athens and according to the last census 
(2011) the population was 1,104,460 [14]. However, the examination of the Thessaloniki city 
includes the wide region of Thessaloniki. It is located at the north of the country, covering an area 
of 3,683 km’. It is also a city with high population and large amount of MSW are generated, 
reaching almost 971kt [15] per year with NCV about 9-10 MJ/kg. 

In the region of Central Greece, two cities are going to be investigated. The cities of Larissa 
and Volos. The amount of MSW generated annually in Central Greece is about 632,000 tons [15]. 
According to technical considerations for the sitting of a plant, the two proposed cities present 
almost the same characteristics with small differences regarding population and industries. 
According to the last census, the population in Larisa was 144,651 while in Volos was 125,248. 
Furthermore, the number of active industries in Larissa is slightly more than in Volos. Therefore, 
the implementation of a WtE facility with annual capacity 200,000 tons is proposed. 


In Figure 1, the energy production, with a Athens 
NCV equal to 10MJ/Kg, in various forms AD pġ 960,000t/y 
based on the energy technology installed in _ 1.800 E Thessaloniki 
each WtE plant, is illustrated. It is obvious = 1.600 =| 
that the energy production in the form of heat 9, 400 ben 200,000t/y 
is by far greater than other technologies. S 3308 
Assuming that the annual heat demand per 3 963 
capita is equal to 2,500kWhin, the heat sp 
production may cover almost 760,000 = om es 654 
inhabitants by means of DH including a lot of T 600 339 380 
municipalities near in the wide area of Athens = 400 = 259 ane 
[16]. In case of electricity production only, 200 lz | x 
and assuming that the electricity consumption " E i. al 
in Greece is 1500kWh per capita, the energy Power heat  CHP-Power CHP - Heat 


production can cover the electricity needs of 


about 355,000 inhabitants. Figure 1. Energy Production of WtE plants. 
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Table 1. 
Factor 


Energy Efficiency Factor — 


Results of Energy Efficiency Factor (R1) based on Energy Recovery Rate and Utilization 


Energy Recovery Rate (46) Utilization Factor 


R1 (7c) 

Site Electricity Heat CHP Electricity Heat CHP Electricity Heat CHP 
Athens 

0.69 0.76 0.86 21 74 53 90 75 75-90 
(960,000t/y) 
Thessaloniki 

: 751 81 22 74 55 90 75 75-90 
(650,000t/y) is d me 
Central 
Greece 0.679 0.77 0.769 23 76 57 90 90 . 75-90 
(200,000t/y) 
Table 2. Results of Gate fee and Size of the plant 
Electricity Heat CHP 
Site Gate fee (€) | Size (MW) Gate fee (€) Size (MW) Gate fee (€) Size (MW) 
Athens 58 74 54 265 48 oe 
(960,000t/y) (53-134) 
"T 127 

Thessaloniki 63 50 58 177 52 36491 
(650,000t/y) (36191) 
Central 41 
Gude 102 16 101 55 95 (12429) 
(200,000t/y) 


According to the data obtained, several sites could be suitable for the installation of a WtE plant. 
However, the weakness of the site model was the lack of available data of the heat and power 
consumption of the industries that could be useful to determine real utilization factors resulting to 
much more accurate outcomes of either size, R1 factor as well as gate fee. The same route has been 
followed in the rest of the cities. In case of Central Greece, due to the fact that the two cities present 
almost the same characteristics, the examination of a general WtE plant implementation was 
evaluated. From the results obtained, the proposed algorithm can be applied in each of the selected 
sites or wherever is possible, also determining the appropriate size of the plant according to the 
potential of the site to reach maximization of R1 and minimization of gate fee. 

Various utilization factors have been taken into consideration and used as the basic parameter 
for Ep value. From the results obtained, the utilization of energy output is strictly linked, to a great 
extent, with the formulation of the energy efficiency R1. The higher the utilization factor, the higher 
R1 values is achieved. However, what should be also highlighted in the forming of the R1 factor is 
the energy that is inserted into the plant in the form of fuel (Ef). If the amount of solid wastes as 
feedstock is not stable through the year and the operator of the plant must keep the same power or 
heat output, due to signed contracts, then large amounts of fuel should be inserted in order to deliver 
the requested energy. Thus, the specific plant will reach lower values of R1 factor, even less than 
the minimum authorization value, and therefore will be operating as an only disposal plant D10 
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Figure 2. Site and Size selection Algorithm [17] 
13^ International Conference on Protection and Restoration of the Environment 305 


Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 
C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 


ISBN: | 978-960-6865-94-7 


When the authorization value of the energy 
efficiency factor is achieved, then the plant 108 .. Electricity 
can be characterized as an energy recovery 

facility. Thus, the estimation of the proper 
gate fee in order to cope the increased 
investment cost is achieved through the 
economic analysis of the project. On one 
hand the construction, operation and 
maintenance, as well as the transportation 
and fuel costs constitute the expenses of the 
project. On the other hand, the selling power, 
heat or steam, carbon credits as well as T 
selling from metal recovery constitutes the 
variable revenues that should be as high as 
possible. However, the stable revenue of the O ^ 200.000 400.000 600.000 800.000 1.000.000 
project, which should be accurate as possible, Annual capacity (t/y) 

is the gate fee. From the results obtained, two 
points should be highlighted. 

The first one is the size of the plant. The higher the installed capacity of the plant leads to higher 
the energy production expected and due to economic of scale lower gate fees is more possible to be 
achieved. The second one has to do with the utilization factor of the energy output of the plant. The 
higher the utilization factor, the higher revenues are expected from selling and therefore lead to 
lower gate fees. What should be emphasized is that the combination of a plant with high installed 
capacity and high utilization factor constitutes the optimum proposal and when a site could reach 
both of them, it can be classified as the best one. 


100 101 in Heat 


Gate fee (€) 
vil 
4 


A 
n 


N 
> 
m 


Figure 3. Gate fee based on plant's size. 


4. CONCLUSIONS 


This study has developed a fast decision making tool in the form of an algorithm, in order to assess 
potential sites for their suitability for a WtE implementation taking into consideration various 
parameters. The model has simulated the change of sites according to the technical considerations 
provided and determined the total size of the plant. Accordingly, based on various utilization factors 
of the output energy either when delivered to third parties or for internal use as well as the amount 
of energy input in the form of fuel, it has simulated the estimation of the energy efficiency factor 
that could be achieved in each of the investigated sites. Moreover, the algorithm by taking into 
consideration both expenses and revenues based on the estimated size of the plant, calculated the 
corresponding gate fee. 

From the results obtained, the development of a concrete methodological approach can be 
feasible in order to assess either a WtE plant that is already in operation or to investigate if a 
proposed area can be of suitable location for the implementation of such a plant. 

Results from the energy efficiency model reveal that the utilization factor of the energy 
produced plays a major role. Thus, only when high utilization factors are achieved each of the plant 
can reach maximum energy efficiency factors. Where the energy recovery rates are increased, the 
energy efficiency factor is increased too or can be increased with lower utilization factors. Waste to 
energy plants that only produce electricity have the lowest R1 factor in all three case studies. In 
case of the sites that the plant installed only produces heat, higher energy efficiency factors have 
appeared compared to an electricity production plant, due to increased energy recovery rates that 
this technology may provide. The installation of a CHP scheme leads to the highest values of R1 
due to the fact of decreased energy imports for the needs of the internal processes as well as due to 
the potential for the utilization of both forms of energy. 


306 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Finally, from the results obtained the gate fee can be affected by several parameters. From a 
technical point of view, the higher the energy production has a positive influence. However, it 
should always be accompanied with high utilization factors. It does not make sense to produce large 
amount of energy without having the ability to sell it. From an economical point of view, the higher 
the selling prices the lower gate fee is proposed. Furthermore, the output of the plant may formulate 
the final gate fee. Thus, it is obvious from the results that the lower gate fee is achieved when a 
CHP scheme is installed. By the implementation of a CHP scheme in a plant with high installed 
capacity, as in the case of Athens, the gate fee is the minimum possible (48€) and as the installed 
capacity of the plant is decreased the gate fee is increased (Figure 3). Concluding, in order for the 
gate fee to be reduced to the minimum possible, high utilization factors of the plant's output is 
necessary to be achieved combined with increased installed capacity of the plants. 
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Abstract 


During the years 2009 and 2010, a study was organized to investigate water saving through the use 
of Biosolids and deficit irrigation. The experiment was placed at the farm of the University of 
Thessaly, in Velestino, Central Greece. It was organized four treatments in three replications and 
the design was Randomized Complete Block. The treatments were: a) Application of biosolids with 
a provided amount of water equal to the 60% of the daily evapotranspiration needs (ETN), b) 
Application of inorganic fertilizer with a provided amount of water equal to the 60% of the daily 
ETN, c) Neither application of fertilizer nor biosolids (untreated control) with a provided amount of 
water equal to the 60% of the daily ETN, d) Application of inorganic fertilizer with a provided 
amount of water equal to the 100% of the daily ETN. The combined use of deficit irrigation and 
biosolids could replace the fertilizer application and save an important amount of irrigation water. 


Keywords: biosolids; water saving; deficit irrigation; sweet sorghum; biomass 


1. INTRODUCTION 


Nowadays, the availability of water for irrigation is a critical factor in agricultural production due to 
reduced rainfall and their uneven distribution within the growing season. Biosolids and deficit 
irrigation could help in water saving. 

Many cities have a biological waste water treatment plant. One of the final products of the 
sewage treatment is Biosolids. Plant growth demands nitrogen as well as other inorganic elements 
such as phosphorus and potassium. Apart from the high levels of organic matter, Biosolids are rich 
in nitrogen and phosphorus. It is generally recognised that biosolids have beneficial action to the 
soil as well. 

Researches have already shown that if biosolids were used then the soil organic matter and the 
water holding capacity increase while the soil bulk density decreases [1-3]. Other researchers found 
that the soil porosity increases and that increase has a negative impact in the soil compaction while 
it prevents the formation of surface-soil crusts [4]. Furthermore, the soil aeration is improved as 
well as the root penetration [5]. The same researchers found that Biosolids application also reduce 
water losses through deep percolation, evaporation, and surface runoff [5]. 

Biosolids contain high amount of macro- and micronutrients so it can also be an important 
source of such nutrients for agricultural crops. [6]. Biosolids can change the insoluble form of 
nitrogen into soluble one so as it can be used by plants more easily. In that way reduces the 
potential for nonpoint-source pollution, such as that associated with applications of commercial 
fertilizers [5]. Moreover, plants utilize those nutrients as well as water. Clearly, there are many 
cases that biosolids could increase yield and improve the quality of the plants' products. 
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In the last decades, a word-wide crisis related to energy needs, has dramatically emerged. More 
energy is needed for industrial purposes as well as to cover the everyday needs of the new facilities 
and “gadgets” (Smartphones, tablets, GPSs etc.). The main impact is the increased emission of air 
pollutants in the atmosphere and the hazard they cause to the human health [7]. The Global 
Warming is still a problem that deals with these pollutants [8]. Therefore, the environment must be 
protected and the international energy policy must be changed. A reduction of the emitted pollutants 
and the use of renewable energy could be the first step against environmental pollution. Under that 
point of view, new development strategies and rules of identifying energy production and 
consumption must be formed globally. The European Union, which stipulates that by the year 2020 
a proportion of 10% of fuel consumed in transport means, in Greece, should be produced from 
renewable energy sources, is one of those strategies and rules. Generally, 5696 of biomass is used to 
produce energy (renewable source). Specifically, 1896 of that percent could be produced by fresh 
biomass from plants. According to the productivity potential of energy plants, about 5 million 
hectares with energy plants should be cultivated so as the European Union goals to be fulfilled [8]. 

Any material derived from living or recently deceased plant and animal organism is 
characterized as biomass [9]. There are many annual energy crops able to produce stable amounts of 
biomass. Sorghum is one of them which has a significant yield potential, even in conditions of 
water stress [10,11]. Sorghum can have two energy destinations: the production of bio-oil charcoal 
gas, gas, bio-oil, and heat, through thermo-chemical conversion, and the production of ethanol 
through biological conversion [12]. Sweet sorghum is used for ethanol production because of its 
high yield of fermentable carbohydrates [13,14]. 

According to those mentioned above and because sweet sorghum could be a possible 
alternative crop for biomass and bioethanol production in Greece, in the near future, the present 
research was organized to study the biomass productivity and water use efficiency of this crop as it 
might be affected by the application of biosolids and by using deficit irrigation strategies. 


2. MATERIALS AND METHODS 


The research took place the years 2009 and 2010. The experimental field was located at the farm of 

the University of Thessaly, in Velestino, Magnesia, Central Greece (latidude 39°23' N, longtitude 

22°45' E). The soil is classified as a Typic Xerochrept with a clay loam texture. Each plot covered 

an area of 32 m’. The spacing between the plots was 1.5 m. Four treatments in three replications 

were organized in a randomized complete block design as follows: 

a) Biosolids application with supplied amount of water equal to the 60% of the daily 
evapotranspiration (B60), 

b) Inorganic fertilizer application with supplied amount of water equal to the 60% of the daily 
evapotranspiration (F60), 

c) Untreated Control (no application of fertilizer or biosolids) with supplied amount of water 
equal to the 60% of the daily evapotranspiration (C60), 

d) Inorganic fertilizer application with supplied amount of water equal to the 6096 of the daily 
evapotranspiration (F100). 

The Municipal Wastewater Treatment Enterprise of Volos supplied the amount of Biosolids 
which was used. Firstly, the sewage was treated in aerobic tanks under belt filter press. Then the 
sewage sludge had been dewatered using an innovative infrared radiation processor (IRP) 
developed by A. Karagiannis (www.eyat.gr). Generally, the Infrared Radiation Process is a method 
to treat wastewater that achieves direct thermal penetration and has the ability to transport high 
thermal energy. Moisture and pathogens that are contained in sewage are removed and destroyed by 
Electromagnetic thermal radiation. 
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The produced biosolids had less than 10% of moisture and non-traceable pathogens after the 
treatment with the IRP. Biosolids were distributed by hand one week before sowing at a rate of 5 
Mg ha”. Afterwards it incorporated in the upper 0.2 m of soil depth by rotovation. Biosolids were 
applied once a year, starting in 2009. 

To the treatments where no biosolids applied, an equal dose of inorganic fertilizer was used. 
That dose of inorganic fertilizer contained the same amount of total nitrogen, phosphorus and 
potassium as the biosolids. The whole amount of phosphorus and potassium was applied as basal 
fertilisation one week before sowing, as long as with the 25% of the total nitrogen dose. The 
fertilizer was spread uniformly in each plot and incorporated in the soil by rotovation in a depth of 
0.20m. The remained amount of nitrogen was applied in three equal doses by fertigation, twenty to 
thirty days after emergence in order to be used efficiently by the plants and minimize losses through 
the deep percolation. 

The sweet sorghum hybrid (Sorghum bicolor (L.) Moench x Sorghum bicolor (L.) Moench 
‘Sugargraze') was sown at a plant rate of 120.000 plants per hectare early in June for both years. It 
was used a six-row seeding machine. The spacing between the rows was 0.78 m. After the seed 
emergence, the same cultivation practices were applied to all treatments. These practices included 
three weed controls (manual removal). 

According to the climatic conditions of the area, during the germination and seedling growth 
period, sweet sorghum needs about six sprinkler irrigations. The first one was done just after 
sowing and the last one almost one month later when the plants had developed an adequate root 
system. The surface drip irrigation program started soon after the last sprinkler irrigation. Drip 
irrigation laterals were made of polyethylene with a 20 mm nominal diameter. The emmiters were 
pressure compensated and self-flushed (Netafim™) with an emitter spacing of 0.80 m and a flow 
rate of 2.3 L h”. An Evaporation Pan Class A was used to measure the daily Evapotranspiration. 
The Pan coefficient was found equal to 0.7 for the area. Effective precipitation was calculated as the 
product of precipitation multiplied by a coefficient according to the rainfall rate (Effective 
precipitation = Precipitation x coefficient). That coefficient was found equal to 0.8 for the area. The 
irrigation system was fully automated with electric valves and a programmer. The applied water in 
each plot was measured with flow meters in order the irrigator to control the system for failures. 
Furthermore, soil moisture sensors were used in order the soil moisture contain to be measured, 
especially in the deficit irrigation treatments. 

The total amount of irrigation water which supplied through sprinkler and surface drip 
irrigation methods, for the F100 treatment, was 383 mm during the irrigation period of 2009 and 
447 mm for the next irrigation period. The total amount of irrigation water which supplied through 
the same methods for the B60, F60 and C60 treatments was 264 mm during the first irrigation 
period (2009) and 306 mm for the second one (2010). 

Crop production was measured by means of above-ground biomass. In order the biomass 
production to be determined all the plants on the middle rows of each plot were harvested, at the 
milky dough stage. The total production per hectare was determined by weighting the collected 
plant samples in a precision weight scale. Afterwards the fresh biomass was dried in an oven at 105 
°C until the dry weight to remain steady. 

The recorded data during the growing season were analyzed statistically. Analysis of variance 
(ANOVA) at 5% level of significance was employed to evaluate the statistical effect of deficit 
irrigation and biosolid application upon sorghum biomass and the water saving. The Minitab 
Statistical package was used, and Tukey's multiple range tests were applied to evaluate statistical 
differences between the means of biomass production and water use efficiency [15]. 
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3. RESULTS AND DISCUSSION 


3.1 Climate 

Meteorological data were recorded on a daily basis by an automated meteorological station at the 
farm and compared with the 25-year average values which were based on historical data of the area. 
The weather station was situated 20 m far from the study's field. The area is characterized by a 
typical Mediterranean climate with hot and dry summers and cool humid winters. The air 
temperature and precipitation (10-day average values) prevailing at the experimental field during 
the growing periods of 2009 and 2010 were compared with an average year and are presented in 
Figure 1, schematically. The figure below shows that the air temperature during the study period did 
not fluctuate much from the values of an average year. Generally, in the last 27 years (including 
2009 and 2010), the daily average air temperature ranging from about 22 *C in mid-June to 25 *C in 
late July, remained almost constant at about 24—25 °C during August and dropped in values between 
15 and 22 °C from late of August to late of September, while it remained below 17 °C until the first 
fortnight of October. The total average rainfall during the whole growing season was 133 mm 
during the year 2009 and 40mm the next year, while the average precipitation of the last 25 years 
was 87 mm. Especially, during the years 2009 and 2010, the mean daily air temperature and the 
mean monthly rain falling did not differ much from the average values of the past 25 years except 
of the precipitation during the second 10-days of September 2009. Under these circumstances and 
more generally under the climatic conditions in Central Greece, most summer crops, including 
sweet sorghum, need irrigation to reach acceptable yields. 


3.2 Biomass production 

The two-year average of above-ground total biomass production of Sweet sorghum is presented in 
Figure 2. The maximum dry biomass production was attained by the second half of September 
(105^ day after sowing) for all treatments. Among the treatments where deficit irrigation was 
applied, the B60 one produced the highest dry biomass, which was 34.9+1.6 Mg ha’'. Second was 
the F60 treatment which produced a dry biomass of 31.7+1.6 Mg ha” while in the third place was 
the C60 treatment with 28.5+0.4 Mg ha’ of biomass production. The full irrigated treatment (F100) 
produced a dry biomass of 36.1+1.0 Mg ha”. 

The statistical analysis of the data showed that the maximum dry biomass production between 
the treatments B60, and F100 was not statistically different. However, the other two treatments 
(C60 and F60) gave statistically different dry biomass production in comparison with the B60 and 
F100 treatments. Additionally, statistical different was the dry biomass production between F60 and 
C60 treatments 


3.3 Water Use Efficiency 
Water use efficiency (WUE) has been the most widely used parameter to describe irrigation 
effectiveness in terms of crop yield. It was defined by Viets [16] as: 


Y 
WUE = — 
ET 


where WUE is the water use efficiency (kg m°), Yg is the economic yield (g m°, and ET is the 
crop water use (mm). Water use efficiency is usually expressed by the economic yield, but it has 
been expressed as well in terms of the crop dry matter yield (either total biomass or above-ground 
dry matter) [17]. 

The two-year average of water use efficiency of Sweet sorghum is presented in Figure 3. The water 
use efficiency (kg m°) for each treatment is expressed as the dry biomass (Mg ha’) production per 
total water inputs (mm). It can be observed that the B60 treatment used more efficiently the 
supplied water. For every cubic meter (m?) of water the crop, in the B60 treatment, produced 
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9.9+1.1 kg of dry biomass, while the F60 treatment produced 9.1+1.0 kg. In the C60 treatment, one 
m? of water was used to produce 8.1+0.5 kg of dry biomass, while in the F100 treatment the same 
amount of water was used to be produced about 7.5+0.4 kg of dry biomass. On the contrary, for the 
production of 1 kg of dry biomass, 0.10 m? and 0.11 m? of water was used by the crop in the B60 
and F60 treatments accordingly, while 0.12 m? in the C60 treatment and 0.13 m? in the F100 
treatment. 
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Figure 1. Mean values (10-day periods) of temperature and precipitation 
for years 2009 and 2010, and 25-year average. 
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Figure 2. Two year average Dry biomass production of sweet sorghum under different treatments 
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Figure 3. Water Use Efficiency under different treatments. 


3. CONCLUSIONS 


Based on this study, it can be concluded that under deficit irrigation, sweet sorghum produced 
higher dry biomass when biosolids was applied in comparison with the inorganic fertilizer 
application. It seems that biosolids could evenly replace the fertilizer application in terms of 
biomass production. It also seems that the forms of the nutrients that included in biosolids are more 
usable from the plant in contrast with the same nutrients from the chemical fertilizers. 

The higher Water Use Efficiency was achieved in the treatment that irrigated supplementary and 
biosolids was used. Specifically, deficit irrigation (6096 of evapotranspiration needs) combined with 
the application of biosolids produced the same dry biomass with the full irrigation treatment (100% of 
evapotranspiration needs) where inorganic fertilizer was used. This leads to the conclusion that by 
using deficit irrigation and biosolids 31% of the valuable irrigation water could be saved. 

Generally, from the above study is clear that sweet sorghum seems to be a very promising 
alternative crop for biomass and energy production in Greece in the near future. Additionally, 
biosolids could be combined with deficit irrigation without any affection in the biomass production 
in comparison with the full irrigated and inorganic fertigated treatment. This combined irrigation- 
fertigation program could reduce the application of chemical fertilizers and also save remarkable 
amount of valuable clean irrigation water. However, an economic analysis could show even an 
economic benefit to the growers because of the less quantity of irrigation water they need to use and 
the lower cost to buy biosolids instead of chemical fertilizers. Also, the Municipalities could have 
an additional economic income as a result of the biosolid sales. Furthermore, it must be noted the 
environmental benefit from the biosolid use. High amount of unexploited biosolids could be 
removed from the Municipal repositories where it could be deemed as polluted materials. 
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Abstract 


Most coal mines are located in arid-semiarid areas in China, 90% of which belong to well mining, 
resulting in serious soil disturbance. Moreover, the difference of air temperature in these arid- 
semiarid areas is very large between day and night, therefore soil temperature (one of key 
influencing factors of plant growth) is easily influenced by soil disturbance. At the same time, 
wheat straw burning has resulted in serious air pollution in China. In this paper we studied the effect 
of wheat biochar (1%, 2% and 4%) on different depth of soil temperature at different soil humidity 
(10%, 20% and 30%) and air temperature: 50°C and air humidity: 40%. the results showed that 
wheat biochar could obviously increase the heat capacity of the soil, and the trend increased with an 
increase of soil moisture. Wheat biochar could reduce the coefficient of heat conductivity and 
thermal diffusivity. Soil temperature was mainly controlled by soil depth and soil humidity, and the 
appropriate wheat biochar concentration could decrease soil temperature especially at high air 
temperature and high soil humidity, which is useful for plant growth. Wheat biochar may be useful 
for soil temperature modification in coal mines in arid-semiarid areas in China. 


Keywords: wheat biochar; arid and semiarid areas; coal mining; soil temperature; thermal 
parameters. 


1. INTRODUCTION 


Soil temperature is an important variable influencing a range of physical, chemical, and biological 
processes occurring in the soil [1,2]. The soil temperature is significantly influenced by variable soil 
content, bulk density, organic matter, soil texture and air temperature [3,4]. Forty percent of the 
global land surface is an arid or semiarid climate. How mining affects soil has been an important 
research field for decades. Half of the total coal reserve of China IS found in arid-semiarid areas 
such as Shanxi Province, Inner Mongolia, Gansu Province, Ningxia Province and Shanxi Province 
[5]. 9096 of coal mining belongs to underground mining in these coal mining areas. Coal 
exploitation have left these regions with a legacy of severe water shortage, destroyed soil, and 
damaged irrigation infrastructures [6]. More soil was disturbed and exposed to air due to surface 
cracking and subsidence of the topsoil by underground mining in these coal mining areas [7], and 
more easily influenced by air temperature. Moreover, as the climates of these regions become 
warmer, the maximum air temperature can reach 50*C during Summer [8]. Warmer temperatures 
may accelerate soli organic carbon (SOC) decomposition in these mining areas. Potential decrease 
in SOC quality in response to warming and consequent shifting species composition may result in a 
positive feedback of SOC to climate change in the future [9]. 

At the same time, field burning of wheat straw is a common practice in many countries, which 
emits trace and particulate matter leading to deleterious impact on earth's atmosphere. They have 
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harmful impact on human health, natural environment and ecological system [10]. Many state and 
national governments have enforced legal restrictions on field burning as a result, and in China 
these bans are enforced at a cost of millions of dollars each year [11]. In China wheat straw residues 
are ordered to be remained in the field after crushing. However, it increases crop diseases which 
sometime reduces crop yield [12]. In this scenario, biochar, a pyrolysed product of biomass offers 
an opportunity to transform large scale agricultural waste streams from a financial and environ- 
mental liability to valuable assets. 

Recently, there has been paid attention in biochar application to soil for several potential 
benefits: carbon sequestering, bioenergy generation, reduction of hazardous gas from soil, sorption 
of nutrient ions, improvement in soil structure and retention of soil moisture [13]. However, a few 
studies on soil temperature [14]. In this research, biochar from wheat straw was studied on silt soil 
temperature. The objective of this study was to assess the effect of different concentration of wheat 
biochar on silt soil temperature at different soil depths and soil moisture under high air temperature 
and low air moisture. It was expected that the research results would be useful for understanding the 
effect of the wheat biochar on response of slit soil temperature in coal mines to high air temperature 
under semiarid climate. 


2. MARERIALS AND METHODS 


2.1 Soil 

Soil was collected from DaLiuta coal mining areas in Yulin city, Shanxi Province, China. The soil 
type belongs to Chestnut soil and texture is silt soil (USDA classification) with 0.11% sand, 96.86% 
silt and 2.93% clay (Fig. 1). The soil was air dried and was passed through a 2 mm mesh for the soil 
temperature experiment. It has pH 8.94 (1:5 soil/water suspention; PHS-3B), electrical conductivity 
(EC) 82 us cm! (1:5 soil/water suspension; HM AP-2), total organic carbon: 2.7g kg! (Elementar, 
Vario TOC Cube, Germany). Soil particle composition was analyzed by laser diffraction using a 
Rise-2006 particle size analyzer (Runzhi instruments, China). 


5-4 
al 3 
o 4 c 
D —— Volume percentage S 
S 34 — — cummulative fraction S 
e Hes 
Q = 
o | o 
2 z 

[I] 

g 77 2 
d | : 
> " Ó 

0 

0.01 0.1 1 10 100 1000 


Particle size (um) 


Figure 1. Particle size distribution of experimental soil 


2.2 Wheat biochar preparation 

Wheat straw was used to produce biochar under anoxic conditions by biochar reactor. Prior to 
biochar production, the wheat straw was oven-dried for 12 h at 80°C, and then moved to the biochar 
reactor, which was heated to 320°C, and held constant for 1 h, After heating for 2 h, the reactor was 
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switched off. The wheat biochar sample was cooled to room temperature, and sieved through a 2- 
mm mesh and about 40% of dried wheat weight was converted to biochar. 


2.3 The effect of wheat Biochar on silt soil temperature 

The experimental silt soil containing 0%, 1%, 2% and 4% wheat biochar was made 10%, 20% and 
3096 moisture (w/w) by adding deionized water, then the samples were loosely placed in 16 cm 
diameters PPR pipe enclosed with heat consult materials, which make heat transfer from the pipe 
top to the pipe bottom, simulating field conditions. The experiments were performed in artificial 
climate chest. The air temperature and humidity of the artificial climate chest were controlled at 
50°C and 40%, respectively. Initial silt soil temperature is about 30°C. The soil temperature was 
examined at 5cm, 10cm and 15cm depth every half a hour by soil thermalmeters. 


2.4 Data analysis 

The differences between wheat biochar addition and no wheat biochar addition were also 
statistically evaluated at 596 probability level by two-way ANOVA in SPSS 18. The representation 
and graphical fits of experimental data were obtained by using Origin 8.0. 


3. RESULTS AND DISCUSSION 


3.1 The effect of wheat biochar concentrations on sandy loam soil heat parameters 

The thermal conductivity, thermal diffusivity, and volumetric heat capacity are basic three soil 
thermal parameters which are related with soil temperature. The thermal diffusivity can reflect soil 
temperature and heat flux [15]. It can be seen from Table 1 that thermal conductivity decreased with 
an increase of wheat biochar concentrations under the same soil moisture. But it did not reach 
significant levels (P « 0.05). While thermal conductivity increased significantly with an increase of 
soil moisture under same wheat biochar concentration addition (P « 0.05), which favors heat flux 
and an increase rate of silt soil temperature under high air temperature. Mass specific heat capacity 
increased significantly with wheat biochar concentrations and soil moisture increase (P « 0.05), 
which slows silt soil temperature rise rate under same heat input. 


Table 1. Thermal parameters of different moisture soil with different concentrations of wheat 


biochar 
Water content Density Thorne Diss eee ig Thermal 
Treatment (9) (kg /m)) conductivity heat capacity diffusivity 
(W/m °C) (J/kg °C) (10^ cm^/s) 
096 wheat biochar 10.0 1790 1.17 1082.1 6.04 
1% wheat biochar 10.0 1380 0.87 1164.4 5.41 
2% wheat biochar 10.0 1300 0.68 1173 4.46 
4% wheat biochar 10.0 1370 0.47 1157 2.97 
0% wheat biochar 20.0 2270 2.01 1233.4 7.18 
1% wheat biochar 20.0 2220 2.08 1314.7 7.13 
2% wheat biochar 20.0 1930 1.67 1324.9 6.53 
4% wheat biochar 20.0 1710 0.88 1328.7 3.87 
Wheat biochar 1.4 180 0.06 1169.5 2.85 
Wheat 1.4 300 0.21 887 7.89 
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Thermal diffusivity obviously decreased with the increase of wheat biochar concentrations or soil 
moisture (P « 0.05). The effect of 4% wheat biochar on silt soil thermal diffusivity is significant 
compared with 0%, 1% and 2% wheat biochar (P « 0.05). It can be seen from above analysis that 
the soil thermal parameters are also influenced by soil moisture [16], but the influence of soil 
moisture on the soil thermal parameters is complex [17]. 


3.2 The effect of wheat biochar concentration on soil temperature under different soil 
moisture 

As shown in Figure 2A, under the silt soil moisture is 10%, the silt soil temperature at 5 cm 
depth increased quickly in first 0.5 h but increase rate gradually decreased with time and a decrease 
of difference between soil temperature and air temperature. In the end of the experiment (4 h), the 
temperature of 5 cm silt soil depth with 0%, 1%, 2% and 4% wheat biochar are 37.9°C, 38.4°C, 
38.0°C and 38.2°C, respectively. 

Soil temperature increase rate also decrease with an increase of soil depth whether wheat 
biochar addition or not (Figure 2) except for the soil temperature at 10 cm depth which showed 
temperature accumulation as compared with other depths. Although wheat biochar increased silt 
soil temperature in comparison to no wheat biochar addition, the differences are very small at the 
end of the experiment (4 h). In all the treatments, 2% wheat biochar concentration minimized 
increase rate of silt soil temperature as a whole compared with other wheat biochar concentrations. 
This may be attributed to higher concentration of black wheat biochar absorbing more energy. 


404 40 
2— | 
38 4 P T— 1 - 3 38 ATE -n 
dcc —- 
ae E 
_ 364 x A 5 36 p 
2 77 3 A l 
s 2 A ~ 
s © ^ Pu 
S 344 « 3% KIIK 
s K w í 
i ahi LI 0% wheat biochar g « &u— 0% wheat biochar 
$a] . im wheat biochar B , P7 *— 1% wheat biochar 
S? a 2% wheat biochar S 32 js —4— 2% wheat biochar 
vy 4% wheat biochar ¥v 4% wheat biochar 
wl £4 ^ 
1 
28 + T T T T T 
0 1 2 3 4 2 
Time (h) Time (h) 
40 = 
38 4 38 
P a A 
_ % Y ~ 36 f 
9 goo 9 J 
o zm g P 
5 34 K 5 34 1 =e 
[3 AL &u— 0% wheat biochar S " 2 23 2 ON Wheat Pocher 
& M^ & 7 P €— 1% wheat biochar 
pA —*— 1% wheat biochar È, A7 
E 32 € 5 32 A *&— 2% wheat biochar 
2 A 4— 2% wheat biochar ge / L4 9:4 wiieat bochar 
n v— 4% wheat biochar P. a aa 
36 "d C 30 sF D 
28 - + 1 + T T T T T 
0 1 2 3 4 9 3 < : * 
Time (h) Tine (h) 


Figure 2. Effect of wheat biochar on A: 5cm, B: 10cm, C: 15cm, and D: 20cm soil temperature at 
initial soil moisture: 10%, air temperature: 50°C and air humidity: 40%. 
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Figure 3. Effect of wheat biochar on A: 5cm, B: 10cm, C: 15cm, and D: 20cm soil temperature at 

initial soil moisture : 20%, air temperature: 50°C and air humidity: 40%. 
The results in Figure 3 showed that the increase rate of the silt soil at the same soil depth generally 
decreased compared with the results in Figure 2, which proved that an increase of silt soil moisture 
favored a decrease of silt soil temperature increase rate. It can be found in Figure 3 that although 
increase rate pattern of the silt soil with 20% soil moisture at the same soil depth was similar in 
comparison with 10% soil moisture (Figure 2), the increase rate differences of the silt soil with 20% 
soil moisture between wheat biochar addition and no wheat biochar addition gradually widened. For 
example, the temperature of the 5 cm silt soil depth with 0%, 1%, 2% and 4% are 36.4°C, 37.4°C, 
38.0°C and 38.0°C, respectively (Figure 3A). As seen from Figure 3. It also can be seen from 
Figure 3 that 1% concentration wheat biochar showed good effect at almost different soil depth 
while 2% also showed almost same effect at 15 cm and 20 cm soil depths compared with 1% wheat 
biochar. 

Figure 4 presents the effect of different wheat biochar on silt soil under high soil moisture 
(30%) and low air humidity (40%). On the whole, the increase rate of the temperature of the silt soil 
with 30% soil moisture further decreased compared with 10% or 20% soil moisture (Figure 2 and 
Figure 3). For example, the temperature of the 5 cm silt soil depth with 0%, 1%, 2% and 4% are 
37.0°C, 35.0?C, 35.2°C and 37.6°C, respectively (Figure 4A), while the temperature of the 20 cm 
silt soil depth with 0%, 1%, 2% and 4% are 35.7°C, 34.5°C, 34.8°C and 37.3°C, respectively 
(Figure 4D). As can be found in Figure 3, the rising rate of temperature of the silt soil decreased 
with an increase of biochar (1% and 2% wheat biochar) in comparison to no biochar addition while 
4% biochar addition increased the rising rate of temperature of the silt soil compared with no 
biochar addition. 
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Figure 4. Effect of wheat biochar on A: 5cm, B: 10cm, C: 15cm, and D: 20cm soil temperature at 
initial soil moisture: 30%, air temperature: 50°C and air humidity: 40%. 
4. CONCLUSIONS 


The increasing of wheat biochar concentrations in the silt soil are benefit for decreasing thermal 
conductivity and increasing thermal diffusivity under 10% and 20% moisture. But the effect of 
wheat biochar on soil temperature depends mainly on soil moisture and soil depths under the 
condition of high air temperature and low air moisture. 1% and 2% wheat biochar showed good 
effect under different soil depth and soil moisture, especially under high soil moisture (3096). 
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Abstract 


An Integrated Solid Waste Management system involves measures and actions focusing on all 
aspects of Waste Treatment. This principle is especially strengthened within the European 
Legislation that sets quantitative & timeframe standards for Recycling and Biodegradable fraction 
diversion rates. Especially the Greek MSW National Plan imposes a 65% Recycling & a 40% 
Organics source separation rate. At the same time landfill diversion rate of biodegradables is set to 
65%, while the final residues to be landfilled should be less than 30% of MSW produced. 

Greek islands have some special characteristics, thus different solid waste management 
solutions should be implemented. More specifically, Greek islands are characterized by: 
e Limited available land and resources. 

e Significant population growth during the tourist period. 
e Great dependence of the local economy on tourism. 
e Difficulty in the implementation of a common SWM policy with mainland. 

The above characteristics in combination with the need for adaptation to the current MSW 
legislation dictate the adoption of a specific SWM model applicable to small-medium size 
communities such as islands. Thus "MSW Treatment (MSW/T) plus Landfill Mining (LFM)" is 
considered as an ideal approach. The system has been analysed in depth by Frantzis & Associates 
Ltd and is nearly ready to proceed with the implementation stage. 

The proposed paper will explain the fundamentals of the technologies incorporated and their 
applicability to the island MSW treatment & disposal approach. The application of this scale and 
nature is an important element in this equation. Emphasis will be given to the «economies of scale» 
when the technologies of MSW/T and LFMR are merged, with operational results being presented 
and explained. 


Keywords: solid waste management (SWM); landfill mining (LFM); municipal solid waste 
treatment (MSW/T) 


1. INTRODUCTION 


Landfill mining & Reclamation (LFMR) is a process whereby solid wastes which have 
previously been landfilled are excavated and processed typically from an active or closed landfill. 
LFMR aims to the accomplishment of one or more of the following purposes: “conservation of 
landfill space, reduction in landfill area, expansion of landfill lifetime, elimination of a potential 
source of contamination, mitigation of an existing contaminated source, energy recovery from 
excavated waste, recycling of recovered materials, reduction in waste management system costs and 
site re-development" [1]. 

Processing typically involves a series of mechanical processing operations designed to recover 
one or all of the following: recyclable materials, a combustible fraction, soil and landfill space. In 
addition, LFMR can be used as a measure to remediate poorly designed or improperly operated 
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landfills and to upgrade landfills that do not meet environmental and public health specifications [12]. 

Waste disposal in landfills and dumpsites represent the most popular way of waste treatment in 
many countries of the world [2, 11]. Concerning Europe, it is estimated that the total number of 
landfills and old dumpsites (operational and closed) is around 150-500.000 [6, 7]. The Council 
Directive 1999/31/EC on the landfill of waste was voted by the Council of the European Union in 
26 of April 1999. The major aim of this Directive is to "provide for measures, procedures and 
guidance to prevent or reduce as far as possible negative effects on the environment, in particular 
the pollution of surface water, groundwater, soil and air, and on the global environment, including 
the greenhouse effect, as well as any resulting risk to human health, from landfilling of waste, 
during the whole life -cycle of the landfill. 

Municipal Solid Waste Treatment can be considered as an Integrated MSW Processing Line 
having the capability of co-processing Source Separated Organics (SSO). The advantages of this 
application are a) low investment cost, b) low operating expenses, easiness of sitting, as mobile 
equipment and d) minimum environmental impacts. 

The processing line includes a) mobile shredding unit with Fe separator, for shredding all 
incoming MSW and removing ferrous metals, b) mobile separation unit for the separation of 
shredded MSW into organic & non-organic fractions, c) mobile unit for composting in closed 
system — in tunnel composting — of the MSW organic fraction as well as the SSO in separate lines, 
d) mobile MRF for recovery of recyclables and e) mobile baler for baling the process residuals. 


2. MATERIALS AND METHODS 


The overall objective of this paper is to present a landfill mining project in Greece, in conjunction 
with fresh MSW treatment in a typical small to medium scale Greek island. More specifically, the 
idea is to consider these two activities into a single package (the Project). The Project provides that 
the Landfill Site will not undergo the typical remediation process, instead Landfill Mining and 
Reclamation (LFMR) will start, while at the same time fresh MSW will be Treated (MSW/T) on the 
same site. As a result reduced remediation costs, revenues from selling recyclables, as well as an 
indirect profit from reusing the same site for landfilling — thus avoiding expenses - are expected. 

The Landfill Mining and MSW Treatment Project (MSW /T v LFMR) Project combines a series 
of methods for the accomplishment of site remediation and fresh MSW treatment. First an extended 
literature review was conducted in order to gain a thorough understanding of the LFMR method 
before proceeding with the analysis of the proposed LFMR project. 

The organization of the Project requires the collection and inventory of information material 
concerning the region, the characteristics of the dumpsite and in general the current situation of the 
dumpsite. Thus the methods used for the collection and inventory of the above information are 
briefly presented below: 

e Previous Studies conducted for the specific Landfill Site (LS) 

e Visits of the project team work to the Project’s area 

e Face to face interviews with the competent bodies (Municipality). 

The typical Site covers an area of 15.000m^ and the amount of waste already disposed of is 
approximately 50.000 tons or 65.000m*, to which a quantity of approximately 7.500m° of cover 
material must be added. Disposal of waste is still being carried out in the same area, therefore it is 
of paramount importance to proceed with the remediation of it. 

However, due to the organic materials degradation and settlement the above figure does not 
represent the current volume which is estimated as to 55-60.000m°.The proportion of MSW in the 
LS is estimated to 95% of the total volume, the rest being inert material. 

At the same time, the amount of fresh incoming MSW is approximately 10.000ton/y, out of 
which approximately 1.600ton/y will be Source Separated Organics (SSO) [4, 5, 8, 9, 10]. 
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3. RESULTS AND DISCUSSION 


3.1 Description of the Project 

The proposed Project combines the remediation of this typical LS and Treatment of fresh MSW at 
the same time, thus it requires the implementation of LFMR principle as well as MSW Management 
for the coming years. 

The Concept of the Project may be described in the following equation: MSW /T NLFMR. The 
proposed holistic Waste Management incorporates two (2) mobile Units so that Treatment of fresh 
MSW will take place in parallel to cleaning the area through Removal of Disposed Waste and 
Recovery of useful materials. 


3.1.1 Description of the Mobile Materials? Recovery Unit 

As mentioned earlier in the paper the current volume of the disposed waste is 62.500-65.000m" or 
50.000 tons that should be excavated during a period of five (5) years, thus the Unit will have a 
capacity of 10.000tons/y or 40tons/d (operation for 260 d/yr, five days per week, 8hrs/d). 

The LFMR Unit will include a list of equipment such as excavators, trommel, conveyors, magnet 
separator, system of controlling dust releases. 


3.1.2 Operation of the LFMR Unit 

The Unit will conduct the following waste treatment process: 

e Mechanical excavation of dumped waste having a capacity of 10.000 tons per annum. 

e  Pre-screening for the removal of bulky items. 

e Separation through the trommel and removal of the fine fraction, which will be used for quarry 
restoration or as soil cover in the surrounding area. The coarse fraction remains in the system 
and is loaded on the conveyor. 

e Drum Magnet for the separation of ferrous metals. The non-magnetic fraction remains in the 
system. 

e Manual sorting of recyclables (plastic, aluminum, glass) in the conveyor. It is anticipated that 
the system will be manned with six to seven hand pickers. 

The recovered materials are collected in 100-150lt or bigger, 660-1.100It ones, so that they are 
temporarily stored until being transported to the local Recycling Centre. It is worth mentioning that 
all waste streams (incoming and outgoing from the Unit) will be recorded, monitored and measured. 
Finally, the residues from LFMR Unit will follow the same route as the ones from Municipal Solid 
Waste Treatment Unit (baled and stored). 

The flow diagram of the process is presented in the following figure (Figure 1). 


3.2 Description of fresh Municipal Solid Waste Treatment (MSWT) Unit 

The capacity of the second Mobile Waste Treatment Unit will be 10.000tn/year or 45tn/day, out of 
which 1.600tn/y will consist of Source Separated Organic (SSO) waste. Both, the treatment of 
mixed incoming MSW and SSO will take place through the mobile waste treatment Unit. 

The mixed MSW/T partly consists of mechanical treatment and partly of Biological one. More 
specifically, the equipment needed is the following: 

Weighbridge 

Bag opener & Shredder 

Trommel 

Mobile Sorting Unit 

Composting Unit 

Mobile Baling System 

Office 

Compact Unit for (any) leachate treatment. 
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3.2.1. General Process Description 

The trucks, after the weighbridge, will gradually deposit the waste in the reception area. The bulky 

objects will be removed and waste will be channelled to the bag opener/shredder. In the shredder all 

the materials are homogenized, after being shredded in up to 300mm pieces. 

The shredded waste pass through metal or magnetic separator for ferrous materials removal. The 

waste is then forwarded to a specific mobile separator/trommel, suitable for the separation of 

organic materials from the rest of waste. The two streams are: 

a. Recyclable materials (fine fraction) that undergoes further treatment (separation / recovery / 
screening) and 

b. Organics that is forwarded for composting. 


3.2.2. Stream of Recyclables 
The >75mm fraction is forwarded to the container type Sorting Platform, where materials such as 
plastic, glass, non-ferrous metals, wood, paper, fabrics are separated. The recovered materials are 
collected in plastic bins, temporarily stored in suitable waste boxes or baled until further forwarded 
to the Recycling Centre. 

The residues remaining after the manual sorting line will be forwarded to the LS for disposal. 


3.2.3. Organic Stream 
The organic fraction, received from the trommel, is forwarded to the mixer where the desired green- 
to organic ratio is achieved. The shredded green waste will be the "building material" of the 
process, improving the quality of final product and facilitating the biodegradation. Then the 
homogenized material will be placed in a closed bag for aerobic treatment (composting). The bags 
are placed close to each other not only to use the area optimally but also to use the heat from 
neighbouring bags to avoid cold zones in the winter time. The main composting process in the bag 
takes between 10-12 weeks. 

Post-composting — maturation - phase then follows. Temperature control and aeration ensures a 
safe and stable compost product. 

The same procedure is followed for the SSO stream, as well. 


3.2.4. Mobile Baling System 
The mobile Baling System is mainly used during the last stage, where the process residuals are 
compressed and baled for temporary storage. 


3.2.5. Mass Balance 

According to the existing Law, the National Waste Policy is oriented towards the following goals 

for the year 2020: 

e Per capita waste generated should be drastically reduced. 

e Preparation for reuse and recycling with source separation of recyclables & organic waste 
should reach 50% of MSW. More specifically, source separation of packaging materials should 
reach 65% while the target for biodegradables should be 40%. 

e Sanitary landfill should be the last option and should be restricted to less than 30% of MSW 
produced. [3] 
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Simplified schematic diagram of Processs Flow for LFMR 


FINE FRACTION: 
* Construction fill 
* Landfill daily cover 
* Land application 


OVERSIZEDFRACTION: 
* Recyde 
* RDF 
* Landfill disposal 


Figure 1. Simplified schematic diagram of Process Flow for LFMR 


Simplified schematic diagram of Processs Flow for MSWI/T 


Bag opener 


Trommel 


& shredder 


Figure 2. Stages of mixed incoming Municipal Solid Waste Treatment 


Simplified schematic diagram of Processs Flow for BAA Composting 


Mixing with 


green waste 


Figure 3. Composting of Source Separated Organics (SSO) 
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4. COST ANALYSIS OF MSW/T NLFMRSYSTEM 


The structure of both the Capital (Capex) and Operational Expenditure (Opex) of the system is 
presented in the Table below. It is to be mentioned that the figures below have been taken from 
similar projects, while the detailed analysis of Capex and Opex will arise as the outcome of the 
system operation, after its implementation. 


Table 1. Cost Analysis of the Landfill Mining & Reclamation (LFMR) Mobile Unit 


UNIT 1st: LANDFILL MINING (LFMR) Price (€) X Quantity Total (€) 
Excavator 180.000 1 180.000 
Trommel 200.000 1 200.000 
Conveyor belts 20.000 1 20.000 
Magnetic Separators 60.000 1 60.000 
Other infrastructure 30.000 1 30.000 


TOTAL CAPEX 490.000 


The Operational Expenditure (Opex) for this Unit is estimated to 10-15€/ton of excavated material, 
while the Capex will be 100% publicly funded. 

Regarding the Revenues from this kind of operation, it is to be noted that we are expecting two 
basic streams of it: 

e Direct revenues: This is due to the recovery of sellable materials such as Fe, Al and plastics. It 
is expected that these materials can constitute 5-6% of the excavated waste. 

e Indirect revenues: This type of revenues will come from two main sources: 

a. Restoration avoidance: According to such a typical study, the total cost of this dumpsite 
restoration is approximately 450.000 Euros. 

b. New LS avoidance: This represents a serious indirect cost. Based on the experience as per 
the operation of other LS in the country the weighed value of a new LS with the use of cover 
material is anticipated to 20-30.000€/yr. 

It is therefore anticipated that the final revenues, especially the indirect ones, will finally overcome 
the cost of setting up and running the Project, thus making the implementation of it quite attractive. 


Table 2. Cost Analysis of fresh MSW Treatment (MSW/T) Unit 


UNIT 2nd: MSW TREATMENT (MSW/T) Price (€) Quantity Total (€) 
Weighbridge, office 20.000 1 20.000 
Mobile Sorting Line 65.000 1 65.000 
Compact unit for leachate treatment 40.000 1 40.000 
Bag opener 175.000 1 175.000 
Trommel 185.000 1 150.000 
Composting Unit 150.000 1 150.000 
TOTAL CAPEX 600.000 


The Operational Expenditure (Opex) for this Unit is estimated to 25-30€/ton of incoming 
mixed MSW, while Capex will be (as in the previous Unit) 100% publicly funded. 

It is but to be noted that, according to the legislation, for every ton of untreated MSW that is 
landfilled a «landfill tax» is allowed that is up to 35€. The annual increase of this tax is 5€/ton 
climbing up to a final rate of 55€/ton. 
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Based on this, it is obvious that the goal of a mobile MSW/T Unit, like the one described, is 
twofold: 
e It complies with the set recycling and biodegradable waste diversion rate. 
e It successfully compares to the set landfill tax. 

As a result, the analysis shows that the combined Units (LFMR & MSW/T) not only can 
contribute in solving a long lasting problem of environmentally sound MSW Management but also 
the logistics are such that it makes the system economically sound. 


5. CONCLUSIONS 


This paper presents an integrated Solid Waste Management solution that combines Landfill Mining 
& Reclamation Principle with of MSW Treatment. The above model is suitable for application in 
many places in Greece, especially in Islands, while at the same time Source Separation of 
Packaging materials and Organic Waste must meet certain, time framed, goals. 

The typical remediation process of a dumpsite is expensive and does not promote Land 
Reclamation and Resource Recovery. On the other hand, Landfill Mining & Reclamation process is 
a more cost-efficient solution, comparing to typical remediation measures, while converting already 
used area in the LS to clean area suitable for future Landfilling Operation. 

Additionally to this, LFMR process in combination with fresh MSW Treatment: 

Strengthens materials’ recovery and recycling. 

Contributes to the local economic development through Resource Revenues and Real estate. 
Minimises the waste that need to be finally disposed of in a landfill. 

Meets the National goals of Recycling and Biodegradable diversion rates. 

Therefore the above described approach can be defined as a MODEL that should be promoted 
and adopted by small to medium islands in Greece. 


aoe 
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Abstract 


This paper focuses on investigating the tendency of farmers in the greater area of Peloponnese as 
well as those on the greater area of Thessaly to participate in a program of environmental 
agricultural waste management. The aim of the present study is to investigate the level of amount 
Willingness to Accept (WtA) against which the farmers would be willing to allow anyone to gather 
and carry away the leftovers of their farming exploitation. To serve the above goals, the agricultural 
leftovers are evaluated by the Contingent Valuation Method (CVM) as an environmental non- 
market economic commodity. The specimen response on utilization of the rejected biomass was 
satisfactory, since a good percentage of the interviewees are willing to contribute to this procedure 
for a minimal of remuneration, although investigations of this type are novel for Greek reality. 
From this investigation it is perceived by the society the importance of alternative utilization of the 
rejected biomass. We conclude that the minimum amount each interviewee is willing to accept as 
minimal remuneration, is affected by the way these biomass leftovers are managed, the age of the 
interviewees and the area in which they live. Those interviewees who use such biomass leftovers in 
alternative applications wish to be remunerated higher compared to those who relinquish such 
leftovers. The ordinal logistic model is listed in a broader category of Generalized Linear Models 
for arrangement data. 


Keywords: Willingness to Accept; WTA; biomass; ordinal model; parametric approach; 
questionnaire, interviewees, public good, external cost, environmental protection, 
non-market resources 


1. INTRODUCTION 


The Contingent Valuation Method (CVM) is a survey-based technique, frequently used in 
Experimental Economics, especially useful for the valuation of non-market resources/goods/ 
services, and cultural heritage objects (of aesthetic, historic, scientific or social value), such as 
conservation of monumental remains and preservation of the physical and anthropogenic 
environment [1-2]. The basic partial techniques used in CVM are (i) willingness to pay (WTP), 
which is the maximum monetary amount that an individual would pay to obtain/preserve a good, 
and (ii) willingness to accept (WTA) compensation, which is the minimum monetary amount 
required to relinquish the good. Therefore, WTP provides a purchase price, relevant for valuing the 
proposed gain of the good while WTA provides a selling price, relevant for valuing the proposed 
loss of the good. According to classic economic theory, a significant difference between WTP and 
WTA should not occur, on condition that there is (i) no transaction cost, (ii) perfect information 
about goods/services and corresponding prices, (iii) no income effect, (iv) a market that engenders 
truthful revelation of preferences. Although these conditions were generally met in several 
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economic experiments that used inexpensive market goods with readily available substitutes, the 
ratios WTA/WTP obtained were significantly greater that unity. This result was attributed to the 
fact that participants in these experiments lacked market experience [3].Contingent Valuation 
Method is the first technique of hypothetical experiments using a questionnaire applied to assess the 
economic value of public goods and services and is the predominant assessment technique in the 
scientific field of Experimental Economics. 

The economic value of natural resources is often defined as the value of the goods and the 
services they offer. The environment economics have developed a series of methods for assessment 
of the monetary price of the environmental goods and services, which are based on investigation of 
the public preferences and reflect the practical need of translation of the monetary amount into 
management policies, in which the public concession and participation in the process of decision 
making are indispensable. 

By the term Biomass we mean the biodegradable products fraction, wastes and leftovers 
coming from agricultural, plants and animal substances inclusive, the forestall and the like 
industrial plant, as well as the biodegradable fraction of industrial wastes and urban effluents and 
sewage wastes. 


2. IMPLEMENTATION 


We compare the results of the descriptive statistical analysis among the answers of the interviewees 
in the mainland Greece (Thessaly) and on Peloponnese. The similarities and differences in the 
attitude of these two categories of rural population are outlined. We observe that the interviewees in 
the previous year owned bigger areas of land (more stremmas) per cultivated item on Peloponnese 
compared to Thessaly. Also the interviewees stated that they had almost the same number of 
stremmas against the average stremmas owned by the farmers in Thessaly, on Peloponnese. Most of 
the interviewees in Thessaly utilize the crop leftovers in other applications but on Peloponnese 
gather it for fuel at home. It is worth noting that management of the rejected biomass does not differ 
among the above areas. 

On the contrary, however, we notice that the minimum compensation amount each interviewee 
asks in order they may be in a position to gather and carry away the leftovers differs among the 
areas. More specifically on Peloponnese the farmers ask for higher remuneration compared to 
farmers in the Thessaly area. However, the willingness shown by the farmers for participation in 
gathering the crops without any extra remuneration does not differ among the areas. 

As regards the income of each interviewee farmer against that of inhabitants in other areas of 
similar agricultural exploitation it does not differ between the two area categories, as the results 
show. Additionally we notice that the percentage of the interviewees' income originating in farming 
is bigger in Thessaly compared to that on Peloponnese. In order we correlate the amount WTA with 
the rest of the parameters of our example, we apply the model «ordinal regression», given that the 
dependent variable (WTA)is scaled and the independent variables are discreet (nominal or scaled). 
We conclude that the minimum amount each interviewee is willing to accept as minimal 
remuneration, is affected by the way these biomass leftovers are managed, the age of the 
interviewees and the area in which they live. Those interviewees who use such biomass leftovers in 
alternative applications wish to be remunerated higher compared to those who relinquish such 
leftovers. 

The interviewees aged 15 to 25 years wish to be remunerated with smaller amounts compared 
to those aged 56 up (p-value=0,045<0,05). Further, we notice that the farmers aged 26 to 40 years 
wish to be remunerated with higher amounts compared to those of 56 years up (p- 
value=0,018<0,05). Finally, the interviewees in the Thessaly area wish to be remunerated with 
smaller amounts compared to those on the islands of Peloponnese. 
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The ordinal logistic model listed in a broader category of Generalized Linear Models for 
arrangement data. The model is based on the assumption that a latent continuous outcome variable 
exists and that the observed ordinal outcome results from the continuous discreteness of that 
subjected to j scaled groups. 

The specimen of generalized linear models is given here: 


98; - [Bixi + Boxr +... + Bux] (1) 
exp(T,Z,; + TZ t... LZ.) 


m^*m 


link(y;) — 


where: 

yi: cumulative possibility for category j 
Q;: threshold of category j 

Bi... B« : reciprocation coefficients 

X1- --Xx : predictor variables 

K: number of predictions 


The specimen numerator determines the location of the model while the denominator determines 
the scale. The terms t;..1, are coefficients for the scale components while the terms Zi...Zm 
represent the m predictor variables for the scaled components. The scaled components are the cause 
of differences in the variable of different values of the predictor variables. 

The question formulates the Willingness to Accept (WtA) of the interviewee that is their wish 
for remuneration in order to allow someone to gather and take away the leftovers of the agricultural 
exploitation. It is impressive that the majority of the interviewees, i.e.71.7% of the specimen, 
answered that they would relinquish their farming leftovers without asking for any monetary 
remuneration. Out of the remaining 28.3% of the specimen, 11.7% answered that they would ask 
for 1-5 euro to relinquish the farming leftovers in each cultivated stremma on a yearly basis. 
Similarly another 11.796 of the specimen answered that they would ask for 6-10 euro for the same 
above reason. Finally, one person in each category(1,67% of the specimen), answered that the 
remuneration he would ask to relinquish his farming leftovers would be 11 — 15 euro in the first 
instance, 16 — 20 euro in the second instance and 21 euro up in the last instance. 

We observe that in the first category , that is the one of those stating that they do not ask for any 
remuneration to relinquish their farming leftovers, 58.196 of the specimen would participate without 
any recompense in the entire process, while 41.896 would not participate without recompense. 

In the second category, that is the one of those wishing to collect monetary remuneration to 
relinquish their farming leftovers, 4796 of the specimen answered that they would participate in the 
relevant procedure, contrary to the 52.9% of the interviewees who stated that they would not 
participate. 

In the first category, i.e. those who stated that they do not wish any remuneration to relinquish 
their farming leftovers, 58.196 of the specimen would participate in the whole procedure without 
recompense while 41.8% would not participate without recompense. 

In the second category, i.e. those wishing to collect monetary remuneration to relinquish their 
farming leftovers, 47% of the specimen answered that they would participate in the relevant 
procedure, but 52.996 of the interviewees stated that they would not participate. 

Out of the first category which concerns those not wishing remuneration to relinquish their 
farming leftovers, 2696 of the specimen stated that they abandon their farming leftovers in the field. 
An equal percentage (26%) states that they burn the leftovers in the field. Only 2.3% gather the 
leftovers as fuel at home while, finally, the majority that totals 45.296 mention utilization. 

Out of the second category, which concerns those wishing remuneration to relinquish their 
farming leftovers, 2696 of the specimen stated that they abandon the leftovers of their farming 
exploitation in the field. 
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Out of the first category, i.e. those stating that they do not wish any remuneration to relinquish 
their farming leftovers, 18.6% of the specimen report an income smaller of the average of the 
farmers in the area who are involved in similar farming exploitation, 67.496 of the specimen report 
an income approximately equal to the average and finally only 13.9% of the interviewees report an 
income bigger than the average in the area. 

Out of the second category, that is the one wishing to collect monetary remuneration to 
relinquish their farming leftovers, 23.5% of the specimen report an income smaller than the average 
of the farmers in the area with similar farming exploitation, 4796 of the specimen report an income 
approximately equal to that of the average and finally only 29.41% of the interviewee report an 
income bigger than the average in the area. 


2 5 i=l 
kraken uo (2) 


Where N is the number of observations, y is the dependent variable, y is the mean of the y values, 


and Î is the value predicted by the model. R? is the determination coefficient that ranges from 0 to 
1. According to the Ephron’s R°: 


paupa | (3) 


where  =model predicted probabilities, the dependent variable in a logistic regression is not 
continuous while the predicted value (a probability) is. Mac Fadden introduced the log likelihood of 
the intercept model. 


PR In L(M m), 
ias In Í(M Intercept K 
2ln IL(M T L(M Full ) G 


Where Mc Full is the model with predictors, M Intercept is the model without predictors, and £ is 
the estimated likelihood. A likelihood falls between 0 and 1, so the log of likelihood is less than, or 
equal to, zero. If a model has a very low likelihood, then the log of the likelihood will have a larger 
magnitude than the log of a more likely model. Cox and Snell present the R? as a transformation of 
the Statistic that is used to determine the convergence of a logistic regression. 


2 


L(M pu ) (6) 


Note that Cox & Snell's pseudo-R? has a maximum value that is not 1; if the full model 
predicts the outcome perfectly and has a likelihood of 1, and then we have 
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[= L(M Intercept I <1 (7) 


Nagelkerke, Cragg and Uhler, adjust Cox & Snell’s R? so that the range of possible values 


extends to 1. 
2 
1 _ | LM percepi ) d 
go LA AM) (8) 


i= L(M Intercept I 


It should be noted that adjustment of the model is considered good by the coefficient Cox and 
Snell=0,656 and the coefficient Nagelkerke = 0,683. 


3. CONCLUSION 


External effects are observed when supply or demand impose costs or confer a benefit to others. 
More specifically, the external effect is the impact of the behaviour of a producer or consumer well- 
being of another, which is not reflected in market transactions. 

The economic evaluation of research aimed at improving overall social welfare. As an initial 
test for social welfare, the criterion used Pareto, under which a fully competitive market, an action 
or policy is socially desirable if it improves the position of all the individuals composing the society 
or at least some (weak criterion Pareto), but difficult position of any other (a strong criterion 
Pareto).Some benefits from the research are as follows: He offered a variety of options that allow 
the construction of statistical models capable. The number of interviews and the survey costs are 
lower compared to those required for investigations manifested preferences. However indicated 
drawbacks, such as the fact that: there was a bias due to discrepancies between stated intentions and 
actual behaviour of interviewees. 

The specimen response on utilization of the rejected biomass was satisfactory, since a good 
percentage of the interviewees are willing to contribute to this procedure for a minimal of 
remuneration, although investigations of this type are novel for Greek reality. From this 
investigation it is perceived by the society the importance of alternative utilization of the rejected 
biomass. 

It is impressive that the majority of the interviewees, i.e. 43 persons who represent 71.7% of the 
specimen answered that they would allow their gathering and carrying away of their farming 
leftovers without asking for any monetary remuneration. Further, encouraging are the results 
concerning the willingness to participate in the gathering since the majority of the interviewees, i.e. 
55% of the specimen, stated that they would participate in the gathering of the leftovers without any 
remuneration. 

With regard to the amount WTA (dependent variable) of the Logit model we conclude that it is 
affected by the wish for remuneration (independent variable) at the level of importance 596 (p-value 
= 0.011). We also conclude that the amount of WTA is affected by the stremmas each farmer owns 
compared to other farmers at the level of importance 10% (p-value = 0.065). 
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Abstract 


The types of slag vary according to their chemical composition, their porosity and specific weight. 
This is due to the variability of coal and other materials initially used and to the cooling speed as 
well. This lack of uniformity does not exist only between slags from different sources, but even in 
the same furnace and among its different loadings. Samples of Greek slags have been tested in the 
laboratory. Tests of hardness and durability have been performed in order to define the engineering 
properties and characterize the material for use in pavement construction. The objective of this 
research was to determine if it physically makes sense to use slag in pavement and to understand the 
environmental implications which include reducing virgin materials thus yielding energy savings. 
The results have been compared with outputs for conventional aggregates. Synthetic aggregates can 
be used improving the costs of road products while they have mild impacts on the environment. 


Keywords: slag; by-product; aggregate; road construction; environmental impact 


1. INTRODUCTION 


Generally, “slag” defines the main by-product of metallurgical industries. The most common metals 
for slag production are iron, steel, and nonferrous metals, like copper and nickel. Different methods 
are employed to cool the molten slag for disposal or use (air, pelletized, foamed, or granulated). It 
has been confirmed [1, 2, 3] there is a strong influence of steel slag on mechanical properties and 
durability of concrete towards to the improvement of the compressive and split tensile strength, 
both being much higher than that with limestone. Building up road pavement layers involve the use 
of large quantities of raw materials (cement, asphalt and aggregates), the production of which is 
associated to energy consumption and to the production of gas pollutants in substantial quantities. 
Many indications [4, 5] advocate that steel slag could be used as an aggregate for road construction. 
Utilization of steel slag as aggregate in asphalt mixture has been reported [6, 7]. Slags can be 
characterised as sustainable materials because they are easily recycled and could be reused in 
different applications. Valuable natural resources are saved when slags are selected as pavement 
aggregates while at the same time green house gases are reduced [4]. 

The suitability of copper, zinc, and steel slags (waste materials) as fine aggregate in road 
pavement structures (base and bituminous layers) has been investigated [8] in terms of their 
physical, chemical and geotechnical properties. An effort has been made to ensure the stability of 
steel slag and to judge its feasibility as an aggregate to prepare stone mastic asphalt (SMA) 
mixtures, due to its porous structure [9, 10]. A comparison to mixtures with basalt aggregate 
employing X-ray diffraction (XRD), scanning electron microscopy (SEM), as well as mercury 
intrusion porosimetry (MIP) has shown a higher resistance of steel slag to permanent deformation at 
high temperature. 
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The research presented here aimed to determine whether it physically makes sense to use slag 
in pavement layers (pavement quality concrete, cement bound road-base or other layers, bitumen 
bound layers, unbound subbase, capping, or general fill) and to understand the environmental 
implications which include reduction of virgin materials use, thus yielding cost and energy savings. 


2. USE OF SLAGS IN ROAD CONSTRUCTION 


Alternative materials are used in road construction in many countries in the developed world, but 
implementation varies due to the different chemical composition of materials and the way the 
production in each country. The specificities of the alternative material used in the construction of 
roads, should be taken into account, after laboratory testing for the determination of the properties 
of the material for successful applications. In Greece, alternative materials produced in sufficient 
quantities are: (a) slags (metallurgical, blast furnace), (b) fly ash from power stations, (c) bauxite 
byproducts (bauxite aggregates, limestone aggregates and red mud) (d) quarrying products (dunites, 
magnesite, marble). 

Today, the use of alternative products as aggregates in road construction projects is a research 
and application field in the context of sustainable development. The metallurgical by-products, such 
as slag from the first and second ore-processing, are included in the hazardous wastes listed in 
50910/2727/2003 joint ministerial decision (JMD) while their management is determined by the 
13588/725/2006 JMD modified by the law 4042/2012 in line with the relevant directive 
2008/98/EC. Nevertheless, the law does not specify environmental requirements for the use of slag 
as aggregate in road construction projects; their suitability is evaluated based on their engineering 
characteristics. The ASTM D 5106-15 [11] specification includes further engineering requirements 
and criteria for toxicity under the TCLP (Toxicity Characterization Leaching Procedure) test [12]. 

The steelworks and steel processing enterprises in Europe have been under the constitution of 
EUROSLAG. Starting from 2000 and in biennial intervals surveys are conducted among 
EUROSLAG members. The purpose of these surveys is to access different types of slags in view of 
their importance, as well as to critically summarize the characteristics of products manufacture 
using slag. Some results of surveys conducted in the past are given in Table 1 for steel slag and 
bottom furnace slag produced in 16 European countries. 


Table 1. Uses of blast furnace slag (BF) and steel slag (SS) in Europe (in million tones) 


Year 
Slag use 2000 2002 2004 2006 2008 2010 2012 
BF SS BF SS BF SS BF SS BF SS BF SS BF SS 

Road construction 11,6 66 10,0 68 8,9 6,8 10,6 11,9 8,2 10,7 5,9 10,7 6,6 10,6 
Cement / concrete 16,4 1,3 14,2 1,4 17,4 0,2 21,3 0,3 21,8 0,2 16,9 1,3 16,6 1,2 
Internal metallurgical 2,4 2,4 2,1 2,5 1,4 2,2 2,7 
Hydraulic engineering 0,1 0,7 0,1 03 0,1 0,5 0,6 0,2 0,7 0,7 
Fertilizers 0,1 0,7 0,1 0,7 0,1 0,5 0,6 0,7 0,7 0,7 
Interim storage 0,8 1,2 1,2 2,6 3,4 2,6 2,6 2,5 3,9 4,7 
Final disposal 4,0 4.1 1,7 1,6 1,0 2,9 332 
Other 0,5 0,4 0,5 0,9 03 0,6 03 0,5 0,3 1,3 0,6 07 


The blast furnace slags consist of different types of product, namely: granulated, air cooled and 
pelletized. The contents differ from year to year. Steel slag is also a mixture of different kinds of 
products, i.e. basic oxygen furnace slag (BOS), electric arc furnace (EAF) slag (EAF-C, from 
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carbon steel production and EAF-S, from stainless steel production.), and secondary metallurgical 
slag (SECS). In comparison with natural rocks, BOS has increased skid resistance and high impact 
and crushing values (high strength level). Thus, it could be used as aggregate and in road surface 
layers providing high skid resistance. EAF slag is characterized as non-porous aggregate having 
good resistance to polishing under loads. Its affinity to bitumen is excellent making it an ideal 
aggregate for materials placed as surfacing in road construction projects. At the same time EAF 
adds durability, resistance to rutting and hence safety to the surface of road pavements. SECS are 
mainly used as fertilizers, while some coarse grained are recycled in other processes of metallurgy. 

In Figure 1, the steel slag quantities collectively counted in sixteen European countries are shown 
along the respective volumes of steel slag reclaimed in road construction, in million of tonnes. The 
data have been processed by the authors based on recorded values by the EUROSLAG Association. 
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Figure 1. Annual production and use of steel slag in Europe 

Industries producing slag products in Greece are Viohalko S.A. and its steel production and 
trading branch, Sidenor, in Thessaloniki (71,000 tones produced annually), HALYVOURGIKI, 
Hellenic Halyvourgia S.A. in Elefsina-Aspropyrgos (6.000 tones produced annually), general 
mining and metallurgical company LARCO S.A. in Larymna (1,500,000 tones produced annually), 
and Halyvourgia Thessalias, Metallourgiki Chalyps in Almyros near Volos. 

Ensuring uses for all slags produced, the need to use natural resources is reduced. Therefore, no 
additional energy consumption is required for the production of raw materials with natural rock 
mining. Regarding the energy and material consumption, no official comparative quantitative data 
exist on the use of natural or artificial aggregates for the construction of anti-skid pavements. Also, 
no difference has been reported on how to use them, while during asphalt mix preparation and 
paving, no additional waste is generated by the use of slag aggregates. As the road construction 
aggregates are used in projects directly related to public health, all necessary checks have to be 
performed. 
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The physical characteristics of aggregates derived from those of the raw material, i.e. the 
electric furnace slag, and are not altered during the manufacturing process or after their inclusion in 
anti-skid roadway pavements. Characteristic of the production process is the fact that no new waste 
is generated, since the total quantity produced is exploited. Also, at all stages dry processing is 
followed (aggregate crushing, separation, and gradation) and emissions in the atmosphere are within 
the limits set by the European Community. A research [13] on the slag exploitation possibilities in 
skid resistant pavements has been completed in 2005. 


3. LABORATORY EXAMINATION OF GREEK STEEL SLAGS 


It is recognized that steel slag is a material with high specific weight and it has a very good anti- 
skid resistance when used as an aggregate in pavement structures. On the other hand, steel slag is 
chemically stable and shows excellent binding properties with bituminous materials [14]. As a 
whole, steel slag has very good mechanical characteristics. The addition of steel slag in asphalt 
mixtures enhances the performance characteristics of pavement [15]. The skid resistance expressed 
via the British Pendulum Number (BPN) coefficient fits with an excellent performance of the 
surface layer at in service temperatures [16]. The stability and rutting resistance of the hot mix 
asphalt is increased because of the specific value of steel slag and the interlocking properties arising 
from the angular shape of the material. Road construction is characterized by the use of large 
quantities of aggregate materials. The aggregates market plays an important role in Greece's 
economy, since it constitutes 4596 of total mineral mining (roughly 58 Mt annually). Their 
production supports the Greek economy, however the way of mining and production has important 
environmental impacts (gas pollutants, noise, dust, aesthetic nuisance). 

In Greece, slag has already been used in road construction works. The main sites of such a use 
are located on the Attica motorway, the Egnatia motorway (Ardanio-Kipi, slurry seal), the Northern 
road axis in Crete and on the Patras-Athens-Thessaloniki-Evzoni (PAThE) motorway, namely in 
sections of the Skotina-Katerini, Yliki-Agios Konstantinos, Agioi Theodoroi-Almiros segments. 
Skid resistant surface layers (Type II) have been constructed on the Lamia-Karpenisi National 
Road, Aegean Motorway, and on local Thessaly highways like the Volos-Aghialos Provincial Road. 

Samples of Greek slags from the steel industries in Lavrio and Larymna (S1 and S2 
respectively) have been tested in the laboratory. Hardness and durability tests had been performed 
in order to define the engineering properties and characterize the material for use in pavement 
construction. For comparison reasons, the same laboratory controls have been executed on 68 
different rock aggregates sampled in different regions all over Greece. The rock deposits consisted 
of basalts, gabbros, granites, sandstones, limestones, porphyries, quartzites, schists, and shingles. 

Slag samples have been tested for their resistance to abrasion (Los Angeles, ASTM C131-96), 
and Polished Stone Value (PSV, BS 812:114-89) values. The two tests aim the determination of the 
gradate aggregates to wear under the effect of friction and impact forces and the aggregates’ 
behaviour under the polishing action of vehicle tires. The results of both tests on S1 and S2 samples 
along with the test outputs of other Greek slags by different researches S3, S4, S5 [13] and S6 [17] 
are listed in Table 2. The laboratory test results verify that the Greek slags conform to the Greek 
guides. According to Greek specifications [18], the maximum allowable Los Angeles value is taken 
as 4096, when the intended use of aggregates is in base or subbase layers. For surface layer 
aggregates, the maximum Los Angeles values along with those of PSV and aggregate abrasion 
value (AAV) are shown in Table 3. 

A comparison among laboratory determined features of the slags and sixty seven natural hard 
aggregates distributed in the islander and land country. The results of the Los Angeles test showed 
that all slags presented adequate resistance to abrasion and friction (Table 4). The Los Angeles 
coefficient was in all cases lower than the limit (30%) required by the Greek specifications. 
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Sandstones and porphyries have shown the higher loss when the Los Angeles testing procedure was 
applied, while at the same time they have presented the higher variation in Los Angeles values, 
ranging from 16 to 41 and from 19 to 40, respectively. 

PSV values recorded for the slags tested in the present research program were 51 and 62 for S1 
and S2, respectively, being lower than the limit values posed by the Greek specifications. As shown 
in Table 4, limestone presented very low PSV values, compared to other natural aggregates. 


Table 2. Slag engineering characteristics 


Test Method Standard 


Slag Sample 
S1 S2 S3 S4 S5 S6 


ASTM C127 - 12 


Specific Gravity 
(Relative Density) 


Density, Relative 
Density (Specific 3.2 3.0 3.352 3.465 3.241 3.3 
Gravity), and Absorption 


of Coarse Aggregate 
ASTM C88 - 13 


Aggregate 
soundness 


Soundness of Aggregates 
by Use of Sodium 0.20 0.80 0.50 1.20 0.12 0.13 


Sulfate or Magnesium 


Sulfate 


ASTM C131 - 14 
Resistance to Degra- 
dation of Small-Size 


Los Angeles 


Coarse Aggregate by 


Abrasion and Impact in 
the Los Angeles Machine 
BS812:114-89 


PSV (Polished 
Stone Value) 


for determination of the 5] 62 61 66 45 64 
polished-stone value 


BS812:115.1-89 
Flakiness particle shape, Flakiness 19.3 18.7 16.7 14.5 22.0 21.8 


index 


Table 3. Greek technical guidelines concerning limit values for surface layers’ hard aggregates 


Traffic Volume 
Daily volume per lane 
max fragmentation percentage 
by Los Angeles test 
min PSV on site 
A - Dangerous 
B - Standard 
C - Easy 
Max AAV 


Los Angeles, PSV, and AAV 


Low Medium Heavy Very Heavy 
<500 501-3,000 3,001-8,000 >8,000 
30% 28% 26% 24% 

50 05 60 65 

45 50 55 60 

- 45 es ees 

14 12 10 8 
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Table 4. Laboratory Los Angeles and PSV values of natural aggregates and slags 


Rock type No. of Samples Los Angeles PSV 
Basalts 7 16-32 45-65 
Gabbros 15 17-22 49-56 
Granites 8 21-22 50-58 
Sandstones 6 16-41 54-67 
Limestones 2 23-25 40-45 
Porphyries 9 19-40 52-60 
Quartzites 10 16-30 53-70 
Schists 4 15-30 51-64 
Shingles 6 18-28 47-67 
Slags 6 15-29 45-66 
CONCLUSIONS 


The sustainable or viable management of natural resources requires the decoupling of economic 
growth, use of resources and the waste production. An answer to the high cost and the restrictions to 
waste types could be found to the community's ability to choose alternative uses for waste products 
nowadays remaining unexploited. Steel slag is a by-product of the steel industry exhibiting great 
potential as a replacement for natural aggregates in road construction. It is also a recyclable waste 
material which can be used as a road construction material. Slag has successfully replaced 
aggregates for hot mix asphalt, road base and subbase layers. 

Industrial by-products are a challenging way of saving energy and protecting the environment. 
Criteria are needed for the mechanical behaviour of waste materials, especially slag, in pavement 
construction. For a complete design procedure, a proper quantification of samples is also needed. 

Slags are suggested for industrial roads, intersections, and parking areas, because high wear 
resistance is required in such sites. The slags tested in the laboratory conform to Greek 
specifications and could play a role in the construction of pavement layers. The comparison to 
conventional materials has proved that the benefits from the use of specific slags produced in 
Greece, particularly near roadway construction sites, will enhanced the technical, environmental, 
economic and social features of highway works. Of course, reliable laboratory controls, extensive 
on-site evaluations, practical utilization in different projects and comprehensive research there 
remains to be performed in the near future. 
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Abstract 


During our academic research studies we have developed a control mechanism for translation based 
on seven variables taken by the Belgian translatologist Dirk Delabastita and processed further more. 
With this paper we aim to implement the control mechanism for translation on the subjects of Solid 
Waste Management and Liquid Waste Mechanics using the academic texts of Handbook of Solid 
Waste Management and Wastewater Engineering, Treatment and Reuse in order to investigate the 
quality of translations in Greek. We will present indicatively a psychometric questionnaire from the 
first research conducted to the Telecommunications scientists as well as an abstract of the 
processing of the relevant indexes followed by an indicative processing of the Environmental 
Engineering academic field. This could be the first step in research for the field of Environmental 
Engineering Terminology. 


Keywords: translation strategies; | indexes; psychometric tests; technical translation; 
Environmental Engineering 


1. INTRODUCTION 


This paper is partly based on a thesis, published on the site of the Greek National Documentation 
Centre and analyzed the translators’ behaviors as far as the Greek language use is concerned in the 
fields of linguistics and telecommunications. In particular, our research aimed at exploring the 
translation strategies employed by the translators throughout the translation process. It seeks to 
reveal whether various innovations in terminology translation have become widely accepted by the 
scientific community of chemical, mechanical and environmental engineering and to what extent, 
and if the existence of different translations provided by translators, causes the special scientists to 
eventually prefer foreign terms or their turned-into-Greek versions instead of a purely Greek 
equivalent term. 

The tools used in the researches on which this paper is based were the thorough processing and 
contrastive analysis of indexes of terms and questionnaires. The data that came to light underwent 
both a qualitative and a quantitative analysis. The indexes of terms -originals and their translations- 
were examined in detail with the use of the translation strategies. The working languages of the 
thesis were Greek and English. The findings of the suggested research could prove to be useful in 
translators’ training. 


2. THEORETICAL FRAMEWORK 


2.1 Translation as an object of translatology 
For the needs of this paper translatology is quoted with a broader sense, even though the approach 
of Jean René Ladmiral [1] is considered purely translatological. This happens because he follows 


13^ International Conference on Protection and Restoration of the Environment 343 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


the via media of the various translation theories. One can understand that by the fact that he chooses 
to examine philosophical texts. Undeniably, philosophical texts are classified amongst literary and 
technical-scientific texts. In the framework of medium road, Jean René Ladmiral locates the 
following aspects of translational phenomenon: translational entropy or addition, translational 
transparency or darkening, cultural elevation or leveling, terminological consistency or ambiguity, 
linguistic appropriateness or distortion, interpretation or meta-codification. Actually, these are the 
translator's everlasting questions. The same theorist considers it impossible to give all-embracing and 
specific answers and he claims that the unique judgment factor is each text separately and its 
translation pair. 

On the other edge, the one that focuses on the target language, lies Gideon Toury [2], who calls 
his views "target-oriented". Important are his remarks on the ambiguity of “literary translation” (in 
Greek, this has a dual meaning thus the translation of literature texts or the word-for-word 
translation) and the classification of translation in: linguistically-motivated, textually-dominated, 
and literary or word-for-word translation. We should mainly, though, highlight his comments on 
the existence of a cultural distance between source language and target language, reinforcing his 
view on the respect towards the target language. 

Surely not “extremist” but also not a representative of the via media is Peter Newmark [3] [4]. 
One could claim that his views are the first ones to get closer to technical translation. Newmark, in 
general, believes that a translation theory can neither be universal nor can it turn a bad translator to 
a good one. It can definitely, though, reveal bad writing and bad translation and for what reason, 
and at the same time it can suggest basic principles and guidelines some of which can be rather 
contradictory. Then he draws a distinction between communicative and semantic translation. The 
former includes the translation of non literary texts and focuses on the reader and the target 
language. On the other hand, the latter includes the translation of literary texts and places emphasis 
on the source language and the source text viewing it from a morphological and a content point of 
view. Ultimately, he mentions the *small"—but actually *big"—problems of translation such as the 
translation of proper names, institutions, cultural meanings, metaphors—according to him the most 
significant—but also of the terms that until then were ignored by the various theories of translation. 

The distinction of text types introduced by Peter Newmark is intensely extended as an 
analytical strategy by Katharina Reiss [5] and the typological approach which she represents. 
According to it, the success of the translation mainly depends on whether the translator is aware of 
the type of the original text and maintains the special features that condition it. The text types are 
grouped in three basic types: informative, expressive, and operative texts. Each one's characteristics 
are clearly depicted by their naming. The first type aims at conveying information, so consequently 
the translation focuses on the precise communication of the information content. The second type is 
featured by the existence of an artistic or aesthetic style and as a result the translation has to respect 
the special characteristics of the original's form. Finally, the third type aims at persuading or 
dissuading, that is cajoling the reader, and as a consequence the translator's job lies in achieving the 
same impact on the reader as the original. 

At the description of the aforementioned features the concept of Skopos is innate, a concept 
that becomes the fundamental term of Christiane Nord's [6] translation theory, who continues the 
thinking of Katharina Reiss. Christiane Nord introduces the functionalist study and translation 
criticism by presenting the “Theory of Action" and the “Skopostheorie/Theory of Skopos". In the 
first case, translating is conceived as “Intentional” and “Interpersonal Interaction", while in the 
second case, the "intention" and the *aim (purpose, skopos)" of the original text are being studied as 
components of translation, along with the abiding relationship with the *intratextual coherence". 
Definitely the intratextual coherence is based on the morphosyntactic rules of the target language 
that guide the text syntax. 

Werner Koller [7], comments on the multi-used concept of equivalence, placing emphasis on 
denotative equivalence, and spots translation strategies that consist of particular types of 
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correspondence: one-to-one correspondence, one-to-many correspondence or diversification, many- 
to-one correspondence or neutralization, one-to-zero correspondence or blank, one-to-part 
correspondence. 

Apparently the above views focus on the communicative dimension of the translator. The work 
of Basil Hatim and Ian Mason [8] is considered to be within this framework, as obviously 
manifested by its title. Moreover, they stress the communicative aspect of translation, consisting of 
Six parameters which, in their opinion, the translator should take into account and research: (1) 
cohesion; (2) coherence; (3) intentionality; (4) situationality; (5) intertextuality; and (6) 
informativity. The first two parameters concern the purely verbal aspect of translation, that is on a 
morphosyntactic level, the third and fourth the social—in a broader sense—aspect, and the latter 
two the semantic. 

Lots of theorists and researchers followed the functional and communicative study of 
translation. One of them is Dirk Delabastita [9], on whose work is based a significant part of the 
study and search of our translation tool as it is going to be presented below. One can just note that 
in this case despite the modern theoretical background the suggested typology derives from the 
ancient rhetorics. However, this is not something striking given the fact that the art of rhetorics has 
mainly—let not say only—a communicative character, as translation does. Furthermore, this 
happened with renowned success—naturally on a practical level—in the historical beginnings of 
translation, as described before. 


2.2 Translation as an Object of Special Texts Studies 

Special texts study could not possibly be omitted from this paper. By the term "special texts", 
we generally refer to technical and scientific texts. According to Hann [10] contrary to other areas 
of translation, which allow certain individuality on the part of the linguist with regard to lexicology 
and style, technical translation is essentially a decision-making process involving selection of the 
correct target language rendering from a number of different, context-dependent alternatives. A 
good literary translator strives to produce a target version which is as elegant and readable as the 
original, but the technical translator's main priorities are precision and comprehensibility. 

The approach of Pierre Lerat [11] stands out when it comes to special text studies. In his 
treatise Les langues spécialisées, he dedicates a chapter to translation mostly insisting on issues 
related to "terminology of specialized languages (jargon)". This does not mean that he overlooks 
the general condition of special texts translation, since he mentions the concept of collocation, 
which consists of three different perspectives, depending on the way of approach: pragmatic, 
syntactic, and semantic. Thus, Lerat concludes to the distinction amongst “communicative 
adequacy" (competence), syntagmatic combination, and conceptual connectivity. Regarding 
terminology, his argumentation as a whole aims at the formulation of guidelines for the creation of 
"more linguistic terminological data bases". Nevertheless, he openly points out the terminology 
management problem a translator is faced with, especially when using bilingual or multilingual 
dictionaries or terminology databases. At this point, he discusses a crucial point worth mentioning 
that lies in a very representative phrase: “...in order to be scientific, special English cannot be 
anything less but English!" [11]. This means that in every case of scientific or special idiolect, one 
has to use the morphosyntactic rules typical of the language of this idiolect. 

The latter view contradicts another important approach to the study of special texts developed 
in the Anglo-Saxon academic field. The main concept of this approach is "sublanguage", having its 
own vocabulary as well as its own “specialized grammar", i.e., with its own morphosyntactic rules. 
This last property is definitely not acceptable. There cannot be another grammar in the same 
language as if it were a different language! In any case, the development of this theory regarded the 
automatic text processing and we theorize that the reasons for that were the poor results out of full 
grammar use. 
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3. RESEARCH METHODOLOGY 


3.1 Research through index study 


3.1.1 Theoretical framework 


The extensive analysis of indexes presented in this paper was based on the translation strategies 

developed by the Belgian translatologist Dirk Delabastita [9]. Delabastita based the development of 

his strategies on the techniques used by the ancient Latin rhetoricians, as they were explained by 

Heinrich Lausberg [12] in his extensive presentation of the figures of speech used by ancient Greek 

rhetoricians. These figures of speech were copied by the Latin rhetoricians, starting by Cicero. This 

typology includes the following translation strategies: 

(1) Repetitio: The sign is formally reproduced in an identical manner; 

(2) Adiectio: The sign is reproduced with a certain addition; 

(3) Detractio: The reproduction is incomplete, it implies a reduction; 

(4) Transmutatio: The components of the signs are repeated in a somewhat different internal order, 
there being an alteration of the sign's textual relations; 

(5) Substitutio: The sign is replaced with an altogether different sign. 

All the above refer to the lexical, semantic and morphosyntactic level. Hence there is a variant 
of detractio, where all the elements of the translation unit are erased. This case is considered a 
different strategy and is called (6) deletio (deletion). 

Finally, Sofia Christidou [13] [14] proposed through her academic research studies a new term: 
(7) non-translation! for the following cases: (a) where the term is not translated, not even 
transliterated but appears as it is in the source language; (b) where only part of the term is translated 
(e.g., a compound term which consists of two terms and has its first part kept in the source language 
without transliteration while its second one is translated in the target language with the employment 
of one of the aforementioned strategies); (c) where a term from the original index is omitted from 
the Greek index; (d) where acronyms and proper names remain in the source language without 
transliteration; and (e) where the wrong employment of one of the aforementioned strategies leads 
to a mistake in the translation of a term. 

The aforementioned typology served as the basis for the study of the terms which were first 
studied as they appear in the indexes and then processed as they appear in context within the texts. 
The recording of the terms was done in the alphabetical order of the index in the source language. 
Term variations, when they appeared, were mentioned under the same entry, even if they had been 
recorded originally in the book as different entries of the same index. This was done to present the 
terms in their entirety and, consequently, analyze them in every respect. If the Greek index 
contained extra terms that did not appear in the original index, those were recorded separately. The 
next step that follows is the explanation of the translation strategy employed, including comments 
on the translation process. Moreover, a lexicographic and bibliographic research was performed, 
and, where necessary, suggestions of more accurate translations were made. Finally a statistical 
recording of the frequency of appearance of the translation strategies is presented which helps us 
come to conclusions regarding the decision-making processes. 


3.1.2 Index Processing 
Index processing examples of environmental scientific textbooks [15] [16]: 


As regards the term non-translation, it may be a term used in the translation theory to distinguish what is and what is not 
translation. However, there is controversy between the academics as to the circumstances where this term is used. Based on the 
definition given by the European Society for Translation Studies (EST), the term can refer to fragments of source text preserved 
in the original language in the target text. Furthermore one of the subcategories classified as non translation is covered by the 
definition given in the dictionary Translation Terminology (Publications Mesogios, Athens, 2008) for the term “direct transfer". 
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English term Greek term Translational choice 


1) Recycling loop (index, 113) 1)- 1) Non translation 
— 

2) The recycling loop, 9.1, p. 2) O ppóyoc avakbkAXoong, 9.0, 2) Transmutatio 
310, figure 9.1 cosà. 450, oxnpa 9.1 


Comments - proposals 
1) Non translation of this particular term, on account of its absence from the Greek Index. 


2) A Transmutatio occurs, through the shifting of the present participle "recycling" from the 
second position of the English term to the third position of the Greek term, while at the same 
time it is transformed to the compound noun *avakókAoong". 


English term Greek term Translational choice 
1)Solid waste collection, trash 1)— 1) Non translation 
chute system (index, 114) — 
2a) Collection of solid waste 
7.2, p. 209, header 2a) Anokojuór] otepeóv 2a) Substitutio 

atoBAntov, 7.2, ogX. 316, 
2b) ... of a trash chute system — keqoAí(óa 


7.2, p. 209, figure 7.4 2p) ... EVOG ovoti]uaxog 2b) Detractio 
ayoyov, 7.2, oceà. 316, oyńua 
7.4 


Comments - proposals 

1) Non translation of this particular term, on account of its absence from the Greek Index. 

2a) A Substitutio occurs, through the replacement of the noun "collection" with the Greek noun 
«AzokoLuor]», which means transport and disposal. Additionally, a Deletio of the proposition 
"of" takes place because it is replaced with the genitive case in the Greek language. 

2b) A Detractio occurs, through the removal of the noun "trash", which subtracts information from 
the term. Additionally, a Transmutatio occurs, through the shifting of the noun "chute" from 
the fourth to the third place of the term. Finally, a Deletio of the proposition "of" takes place 
because it is replaced with the genitive case in the Greek language. 


English term Greek term Translational choice 
1) Materials recovery facility 1) Kévtpov ótaAoync 1) Substitutio 
(MRF) (index, I9) —^ AVOKUKAMOILOV YAtov 
2) Materials recovery facility (sevpetnpto, 31) 
(MRF), 1.4, p.30, 1.10 2) Kévtpov ðiañoyńg 2) Adiectio 


AVOKUKAMOIWLOV YAUKOV 
(KAAY, Materials recovery 
facility, MRF), 1.4, o£X. 31, 
yp. 3-4 


Comments - proposals 

1) A Substitutio occurs, through the replacement of the noun “recovery” with the noun 
«diaAoync», which means selection or triage. Also, a Substitutio occurs, through the replacement of 
the noun “facility” with the noun «Kévtpov», which means center. Additionally, an Adiectio 
occurs, by adding the adjective “avaxkvkA@ott@v’, which adds information to the term. Moreover, a 
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Transmutatio occurs, by shifting the noun “Materials” from the first to the fourth place of the term. 
Finally, a Deletio of the acronym “MRF” occurs. 

2) An Adiectio occurs, by adding the whole term as well as the acronym in English in brackets, an 
indication that the translator is not sure about his translation option. Moreover, a Substitutio occurs, 
through the replacement of the noun “recovery” with the noun «óiAoyno», which means selection 
or triage. Also, a Substitutio occurs, through the replacement of the noun “facility” with the noun 
«Kévtpov», which means center. Additionally, an Adiectio occurs, by adding the adjective 
"avakukAootuov", which adds information to the Greek term. Moreover, a Transmutatio occurs, by 
shifting the noun “Materials” from the first to the fourth place of the term. 


3.2 Questionnaire Research 


3.2.1 Presentation and analysis of the questionnaires 

Firstly a selection of terms is made that appear in the source texts which consists the basis of 
the questionnaire. These options are called "reference texts" and are placed in the first column of the 
table of the questionnaire. In the second column the "Proposal Papers" can be found, where the 
proposed terms appear in bold letters. In the third column two kinds of answers are placed. The first 
concerns the question whether the respondents have seen or heard such terms and is a YES / NO 
question. The second question concerns the semantic level, i.e. whether the whole proposal is 
scientifically true or not, and is a TRUE / FALSE statement. Finally, the respondents are asked to 
underline the term in the reference text, whose rendering they considered was the term in the 
proposal text. The questionnaire has a total of 4 rows with text pairs (reference and proposal text) 
containing the selected terms (3 rows with 3 terms, 1 row with 2 terms). The first series has terms 
with a turned-into-Greek interpretation, the second with a mixed interpretation (using the English 
and the Greek language), the third with a new interpretation (i.e. proposal by the author) and the 
fourth with an incorrect interpretation (i.e. interpretation with scientifically different meaning, and 
then a proposal by the supervisor) in a misleading role (distractor). It is a psychometric test for 
special skills in order to measure a specialized knowledge in mainly the language level with 
scientific parameters. 
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3.2.2 Presentation of findings 
25 valid questionnaires were collected and the following results were derived: 


Term recognition-identification-usage 

The questionnaire contains a total of 11 terms in the proposal texts. In the turned-into-Greek 
interpretation text, term 1 was recognized by 15 subjects (6096), term 2 was recognized by 18 
subjects (72%) and term 3 was recognized by 12 subjects (48%). In the joint interpretation text, the 
term 4 was recognized by 11 subjects (44%), term 5 was recognized of 11 subjects (44%) and term 
6 recognized by 17 subjects (6896). In the new interpretation text, term 7 was recognized by 8 
subjects (32%), term 8 was recognized by subjects (44%) and term 9 was recognized by 8 subjects 
(32%). Finally, in the false interpretation text, the term 10 was recognized by nine subjects (36%) 
and the term 11 was recognized by 8 subjects (32%). 


Locating phrase correctness 

The text with the Turned-into-Greek interpretation was considered to be correct by 19 subjects 
(76%), while 4 subjects did not respond (16%). The text with the joint interpretation was considered 
to be correct by 12 subjects (48%), while 6 subjects did not respond (24%). The text with the new 
interpretation was considered to be correct by 17 subjects (68%), while 5 subjects did not answer 
(20%). Finally, the text with the false interpretation was considered to be correct by 18 subjects 
(72%), while 5 subjects did not answer (20%). 


Correct term localization 

For the turned-into-Greek interpretation, 17 subjects chose correctly term 1 (6896), 17 subjects 
chose correctly term 2 (68%), and 20 subjects chose correctly term 3 (80%). For the joint 
interpreting 22 subjects chose correctly term 4 (8896), 20 subjects chose correctly term 5 (8096) and 
18 subjects chose correctly term 6 (7296). For the new interpretation, 18 subjects chose correctly 
term 7 (7296), 21 subjects chose correctly term 8 (8496) and 20 subjects chose correctly term 9 
(80%). Finally, in the false interpretation, 22 subjects chose correctly term 10 (88%) and 20 subjects 
chose correctly term 11 (8096). We should note at this point that in two questionnaires (9 and 14) 
that did not have any selection of the term in the reference text, we deemed it as a wrong answer. 
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Figure 1: Term recognition-identification-usage 
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Figure 3: Correct term localization 
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4. RESEARCH CONCLUSIONS 


The main impression that one gets out of the study of the questionnaires is that the effort for using 
Greek terminology was warmly welcomed. This means that the subjects show a positive attitude 
towards using purely Greek academic texts. This conclusion is drawn by: a) the fact that the purely 
proposed Greek terms were significantly recognized as already known, b) the relatively good pairing 
with the terms in the reference text, c) the acceptance of the incorrect interpretation as correct, despite 
the fact that its terms were recognized as known in advance. The latter raised great puzzlement and 
was the reason for the index processing of the academic texts of Telecommunications. 

Initially, the frequent occurrence of a free translation should be noted where several strategies 
were used, always in text proposal cases, as those of the following terms: "Coding for deep-space 
communication", "Duo-binary signaling, error probability", "MLSD, path memory truncation". 

In general, after the processing of the indexes, an unprecedented phenomenon for scientific 
work was ascertained, that of the English lemmas introduction for indexing, either as complete 
individual words or acronyms, or as the first parts of complex terms. The habit, or rather the norm, 
is that the lemmas are indexed separately by languages. Conversely, in this particular case we 
examined, there is a mixture, even without clear categorization criteria, since it occurs sometimes 
graphemic, either before or after the Greek lemmas, and sometimes phonemic. This hampers the 
reader greatly, who is the student of the Department of Telecommunications. For the Greek 
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literature, such indexing is not acceptable, as this is an obvious example of the already established 
domination of English on the Greek. 


5. GENERAL CONCLUSIONS 


The mere existence of several scientific errors prevents us to talk about the complete accuracy of 
the content and, of course, leads us to observe the ambiguity of terminology. Moreover, due to the 
detection of incorrect syntactic structures, we doubt whether the compatibility between common 
language and terminology has been achieved. Of course, in a communicative way the translation 
manages to remain equivalent to the original text, as it is required to achieve the same purpose and 
this is obvious in all its style. However, because the grammar-syntactic rules of the Greek language 
were not followed to a significant degree, we cannot clearly say that this translation is typical of the 
Greek scientific literature. 


6. PROPOSAL FOR THE ENVIRONMENTAL SCIENCE FIELD 


We believe that by using the aforementioned bilingual control mechanism in the environmental 
science field, it would assist for building consensus and hence a standardized Greek terminology in 
the environmental domain which constitutes a top priority. In particular, at university level, this 
should constitute a primary concern. Those who will promote science in the future are being 
prepared by the academic community and it is necessary to teach them the use of national 
terminology, but above all the right use of the Greek language. 

We also consider that a result of this suggestion, would not only be the promotion of Greek 
language and terminology at national level but also the reassurance of a better and more effective 
communication between scientists, as well as the improvement of the provided teaching to students 
who will be able to study, through translation, the foreign-language bibliography without encounter- 
ing ambiguities and problematic terms with double or even triple translation versions. 

We hope that this paper will contribute towards this direction and that the resulting data after 
further research will lead to better training of scientists and official translators as well as contribute to 
more efficient and qualitative science handbooks, bilingual glossaries, and terminology databases. 
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Abstract 


Copper flue dusts from three types of copper smelting furnaces were leached with different 
ammonia-based reagents (ammonium chloride, ammonium carbonate and aqueous ammonia 
solutions) to dissolve the oxidised copper species via the formation of copper-ammonia complexes, 
so that most of the copper-accompanying metals especially iron, remained in the solid residue. The 
as obtained copper pregnant solutions were treated via liquid-liquid extraction or cementation 
operations. In the first case, oxime derivatives or B-diketones dissolved in a kerosene type diluent 
were used as organic extractants in a continuous circuit, whereas in the case of cementation, zero 
valent zinc was used as cementing agent for copper. The end and saleable products from the above 
processes are grade A copper cathode or copper cement, respectively. As a concluding remark, 
these ammonium-based leaching media seemed suitable for the recovery of the oxidised Cu species 
from the dusts. 


Keywords: copper solid wastes; leaching; solvent extraction; Cementation 


1. INTRODUCTION 


Taking into account the actual copper prices in the market (around 4400 Euro/t as time of writing 
March 2016), the recovery of this metal from a given raw material and even secondary sources is of 
a profitable interest. Among copper-bearing second sources, copper flue dusts are of interest due to 
their relatively medium-high copper content and because they are considered as hazardous materials 
and can not be dumped as such. Moreover, their recycling to the correspondent furnace it is not 
always desirable for different reasons. 

Accordingly with the European Copper Institute [1], a copper flue dust is defined as the product 
recovered from exhaust gas streams found in furnaces, flues and settling chambers as a result of 
roasting, smelting and converting operations from copper refining processes. The elements 
presented in the final product can vary accordingly with the material used in a given furnace. The 
consideration of such dusts as hazardous materials is due to their toxicological and harmful 
properties causing various diseases (Table 1). 
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Table 1. Some harmful properties and effects of copper flue dusts. 


Hazard class and code Effect 
Acute toxicity 3 (inhalation) Toxic if inhaled (H331) 
Skin sensivity 1 Probable allergic skin reaction (H317) 
Carcinogenic 1A Probable cancer (H350) 
Repetitive exposure 1 (inhalation or ingestion) Damage to organs: central nervous system, 


blood, kidney (H372) 


This work presented an investigation about the treatment of different copper flue dusts by the 
use of ammonia-based leachants (it is known the closed ability between copper(II) and ammonia to 
form soluble and stable complexes in aqueous solutions) and the recovery of copper from the 
copper-bearing solutions via liquid-liquid extraction or cementation operations, resulting both in a 
final saleable copper material, copper cathode or copper cement, respectively. 


2. MATERIALS AND METHODS 


The three copper flue dusts, considered in this work, are of Chilean nature and they come from 
flash, reverberatory and converter furnaces. Their copper content are shown in Table 2. 


Table 2. Copper content of the flue dusts. 


Type %Copper Mineralogical species 
Flash 25 copper sulphates and oxides, iron oxides, sulphides 
Reverberatory 21 copper oxides and sulphates, sulphides, copper/iron 
oxides 
Converter 74 (30% metallic copper) metallic copper, copper/molybdenum/iron 


sulphides,arsenic-copper species 


Other elements (iron, arsenic, molybdenum, etc.) regularly appeared in the starting material. A 

x-ray diffraction sight showed that the mineralogical species found in this secondary materials are 
also of a various nature (Table 2). The physical aspect of the dusts is of typical powders, except in 
the case of the converter dust which is formed of spherical or near-spherical balls (Figure 1). 
All the reagents used in the present work were of AR grade, except the extractants LIX 860 
(aldoxime), LIX 84 (ketoxime) and LIX 54 (f-diketone) which were supplied by Cognis Ltd. 
(Ireland). They were used as such by diluting them to the desired concentration with Exxsol D100 
diluent, supplied by Exxon Chem. Iberia (Spain), which is a kerosene type diluent with >97% 
aliphatic components. 

Leaching experiments were conducted under mild conditions, that are at room temperature and 
under atmospheric pressure, in a glass reactor, in order to decrease the operational costs, though 
these expenses were not evaluated within the frame of this investigation. Experiments were run up 
to three hours time, however different runs showed that two hours are often the limiting time to 
ensure a maximum copper recovery from the dusts. 

Based in previous batch experiments [3-5], continuous liquid-liquid extraction experiments 
were conducted in a unit of mixer-settlers. The unit has a maximum flow capacity of 100 ml/min for 
each phase (aqueous feed, organic and aqueous stripping), whereas mixing and settling volumes 
were 200 and 700 mL, respectively. The solutions in the mixers were mixed by impellers. 
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Figure 1. 

View of the converter dust (the orange forms 
are of zero valent or metallic copper). Source 
photo: D.Martinez and F.J.Alguacil, 2016. 


Cementation experiments were carried out in a glass reactor provided with a gently mechanical 
shake (200 min`’) in order to maintain the solution under agitation. At this solution, the cementation 
agent was added. 

Metals in solution were analysed by AAS. 


3. RESULTS AND DISCUSSION 


3.1 Leaching 

This investigation uses various concentrations of ammonia-based reagents as the leaching 
medium, these leachants have some singularities derived from the weak acid nature of the 
ammonium ions: 

NH; © NH, +H” (1) 
thus, the leachants produced ammonia, which forms highly stable complexes with copper(I), 
increasing the solubilization of the species contained in the starting material, i.e.: 
CuO + ANH, + H,O > Cu(NH,);* + 20H- (2) 


however, and with any of the leachants investigated in this work, with the continuous generation of 
ammonia in the aqueous solution, the pH values of such solutions do not change significantly due to 
the fact that copper(II) form highly stable ammonia complexes, resulting in that the ammonia 
formed during leaching becomes bonded in the form of copper-ammine complexes, and only an 
amount of non-bonded ammonia in equilibrium remained as free ammonia in a relative 
concentration of the corresponding leachant. This constitute a kind of buffer system which keeps 
the pH value for each solution almost constant. Besides the copper dissolution, the most important 
consequence of the above is the high purity of the solution obtained, and particularly is iron free 
because due to the high pH values of the solutions, all the iron contained in the copper dusts 
remains in the solid residue basically as iron(II) oxide [2]. 

The results of the leaching experiments are summarized in Tables 3-5. It can be seen that with 
the flash dusts the maximum in copper recovery is regularly obtained, whereas the minimum is 
obtained in the case of the converter dust, very probable due to the considerable presence of zero 
valent or metallic copper in the starting material, which remained unattacked under the mild 
conditions used in the present work, and practically the same occurred with the sulphides species of 
the dusts. Practically in all the cases, the percentage of copper recovered increases with the decrease 
of the pulp density, whereas in the case of aqueous ammonia leachant, the increase of the leachant 
concentration does not affect very appreciably to the percentage of the copper recovered from the 
dusts. 
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Table 3. Leaching with ammonium chloride solutions of copper dusts. 


Run Type of dust Leachant Pulp density %wt % Cu leached 
1 flash 1M 4.8 90 
2 0.99 90 
3 reverberatory 1M 4.8 14 
4 0.99 28 
3 converter 1M 4.8 3 
6 0.99 23 


pH of the solutions 5.5+0.3 


Table 4. Leaching with ammonium carbonate solutions of copper dusts. 


Run Type of dust Leachant Pulp density %wt % Cu leached 
7 flash 1M 4.8 45 
8 0.99 81 
9 reverberatory 1M 4.8 29 
10 0.99 34 
11 converter 1M 4.8 7 
12 0.99 19 


pH of the solutions 8.50.1 


Table 5. Leaching with aqueous ammonia solutions of copper dusts. 


Run Type of dust Leachant Pulp density %wt % Cu leached 
13 flash 15M 0.99 81 
14 1M 0.99 75 
15 reverberatory 15 M 0.99 34 
16 1M 0.99 31 
17 converter 15 M 0.99 20 
18 1M 0.99 J 


pH of the solutions 1140.5 


3.2 Liquid-liquid extraction 


The liquid-liquid extraction (LLE) operation transfers dissolved copper(II) from the low-copper and/ 
or impure pregnant leach solution to high-copper pure electrowinning electrolyte solution, being this 
operation critical to ensure a correct copper solution to enter into the electrowinning operation. 
Basically, the LLE operation consists of four steps: 
1) transfer the copper from the leach solution into an organic phase, 
ii) separation by gravity of the two phases or solutions, 
iii) transfer the copper from the loaded organic phase to an acidic solution (spent electrolyte), and 
iv) separation by gravity of the two phases or solutions and recycle of the organic phase to a new 
extraction step. 
Transfer of copper into the organic phase is favoured by the low acidity or nil of the pregnant 
leach solution: 


Cu; -2HR,, € CuR,. «2H; (3) 
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whereas copper transfer from the organic phase to the spent electrolyte solution is favoured by the 
high acid concentration of the electrolyte: 


CuR, *2H; @ Cu; -2HR,, (4) 


In practice, the figures for LLE operation are summarized as in Table 


Table 6. Generalities for copper LLE operation. 


Stage Cu in aqueous Acidity %v/v extractant 
5-20 


Extraction 1-5 gL low 
Stripping 30-50 gL” high 5-20 


Very often, the acidity of the aqueous solution in the extraction stage is in the order of pH 2 and 
higher, whereas in the stripping step the spent electrolyte contained 150-180 gL"! sulphuric acid and 
25-35 gL'! copper(II), the advance electrolyte or the aqueous stripping solution exiting the LLE 
operation and entering the electrowinning operation contained near 30-50 gL” copper(II) and 150- 
170 gL"! sulphuric acid. As organic extractants, the operation uses ketoximes, aldoximes, tailored 
mixtures of both and f-diketones, the latter commonly used when the pregnant solution is 
ammoniacal (pH>10) medium [4]. These reagents are usually dissolved in kerosene type diluents to 
reach the desired extractant concentration necessary for each LLE operation. 

In the present investigation, LIX 860, LIX 84 and LIX 54 extractants were used to extract 
copper from three representative leach solutions generating in the treatment of copper dusts with 
ammonium chloride (pH 5.5), ammonium carbonate (pH 8.5) and aqueous ammonia solution (pH 
11), in all the three cases, a solution of 180 gL'' sulphuric acid was used as strippant for the 
respective copper-loaded organic solutions. 


In the present case, the copper extraction reaction represented by eq. (3) is substituted by: 


Cu(NH,); *2HR,, <> CuR, *2NH; +2NH, (5) 


in which the protons resulting by the extraction of copper(II) and released to the aqueous solution 
are neutralized by the ammonia from the copper(II)-ammonia complex. The stripping reaction 
represented by eq. (4) is maintained, and in this case served to back the copper to an acidic solution 
suitable for electrowon. In all the above eqs (3-5), the subscript aq denotes the aqueous solution, 
whereas the subscript org denotes the organic phase. 

Table summarized the operational conditions for the three systems: 


Table 7. Operational conditions for the counter-current extraction of copper. 


Reagent Extraction+stripping — Vo/Va ratio in Vo/Va ratio in Neat Cu gain, 
stages extraction stripping gL! 
LIX 860 1+2 1/1 2/1 1.9 
LIX 84 2+2 1/2 2/1 7.7 
LIX 54 1+2 1/2 2/1 5.7 


* at 20% v/v in Exxsol D100. Vo: volume of organic phase. Va: volume of aqueous solution. 
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Figures 2, 3 and 4 showed schematic flow sheets for each one of theses operation, which were 
run for 20 hours each. Overall yields in terms of copper transfer exceeding 98% in all the three 
cases. 


3.3. Cementation 


Cementation is an hydrometallurgical operation in which a metal, in its ionic form, is precipitated 
from the aqueous solution by another but zero valent metal. In this process, the metal with the more 
positive oxidation potential, as given in the electromotive series, goes to the solution and displaced 
or reduced a metal with a less positive potential. In practice, several cautions must be obeyed due to 
the probable side-reactions which take place during the operation, i.e. excessive dissolution of the 
cementing metal, redissolution of the precipitated metal, precipitation of hydrolytic products, etc. 

Since in the present case, the copper-bearing solutions obtained from the leach operation have 
pH values above 2-3 (the pH range in which iron(II) precipitates), the use of zero valent iron is not 
recommendable since this new precipitate will contaminated the cemented copper, instead, a metal 
which remained solubilized in the ammoniacal medium should be used, and in the present 
investigation zero valent zinc was used as cementing agent for copper. 


LIX 860 


H,SO, 


aqueous 


SD organic 


Figure 2. Schematic flow-sheet for the counter-current extraction-stripping circuit using LIX 860 
as extractant for copper. Temperature: 20? C. 


360 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


aqueous 


duces organic 


Figure 3. Schematic flow-sheet for the counter-current extraction-stripping circuit using LIX 84 as 
extractant for copper. Temperature: 20? C. 


Accordingly with the electromotive series, the use of zero valent zinc 
Zn/Zn^ E= 40.763 Volts 
can be used to cement copper 
Cu/Cu^ Ez -0.337 Volts 
and the dissolved zinc is stabilized in the aqueous solution via the formation of the zinc-ammonia 
complexes, i.e. 
Zn^' +4NH,  Zn(NH,)7 (6) 


aqueous 


CET organic 


Figure 4. Schematic flow-sheet for the counter-current extraction-stripping circuit using LIX 54 
as extractant for copper. Temperature: 20? C. 
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In the case of solutions in ammonium carbonate medium, the increase in the Zn/Cu molar 
relationship, increased the cementation kinetics, though after two hours the extent of copper 
cementation is greater than 9596 (Table 8) 


Table 8. Influence of the Zn/Cu molar relationship on the percentage of copper(II) cementation. 


Zn/Cu 15 min 30 min 60 min 2h 
8 84 95 >99 >99 
6 53 64 81 98 
4 49 61 73 98 


Aqueous solutions: 5 gL! copper and 0.6 M ammonium carbonate, pH 8.5. Temperature: 20° C 
q g pp P 


When the aqueous solution contained different concentrations of ammonium carbonate, it was 
found that the presence of this salt in the starting solution influences the copper cementation, 
increasingly this cementation as the salt concentration is increased (Table 9), however, at the lowest 
ammonium carbonate concentrations the cementation of copper by zinc is feasible if an excess of 
the cementation agent is used, as results in Table 8 shown. 


Table 9. Influence of the ammonium carbonate concentration on the percentage of copper(II) 


cementation 
Ammonium carbonate, 15 min 30 min 60 min 
M 
0.6 13 13 14 
0.8 35 46 45 
1 65 87 97 
2.4 69 88 >99 


Aqueous solution: 10 gL copper in ammonium carbonate, pH 8.5. Zn/Cu molar ratio: 2. Temperature: 20° C 


The presence of aqueous ammonia in the solution decreased the percentage of copper cemented 
by zinc, as results in Table 10 shown. Probably this can be attributable to the presence of an excess 
of the complexing agent in the most ammoniacal concentrated solution, which besides the pH of the 
solution also probably change the copper(II)-ammonia complexes stoichiometries Cu(NH3)," (n= 
1 to 4). 


Table 10. Influence of the aqueous ammonia concentration on the percentage of copper 


cementation. 
Aqueous ammonia concentration, M % Copper cemented* 
15 75 
1.8 82 
0.88 93 


Aqueous solution: 2 gL” Cu in aqueous ammonia, pH 8.9-11. Zn/Cu molar ratio 2. Temperature: 20° C .*After 1 hour. 
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The final material obtained in the cementation from a 0.88 M aqueous ammonia medium, 
presented a composition of 55% copper, 35% zinc and probably 10% balance oxygen, whereas the 
molar ratio of zinc dissolved against the copper cemented is near 1, as expected by the reaction: 


Cu" + Zn’ > Cu’ + Zn (7) 


This is not the case of the cementation from concentrated ammonia solutions in which the 
molar ratio of zinc dissolved against the copper cemented is near 2, indicating that side reactions 
occurs like an excessive dissolution of the cementing agent, probably due to the medium in which 
cementation takes place. 


Conclusions 

The use of ammonia-based leachants, and in mild conditions, in the recovery of copper from copper 
flue dust is attractive when the starting materials have a minimum of non-soluble species such as 
sulphides and metallic copper. In any case, copper solutions of a great purity are regularly obtained, 
and from this the final recovery of saleable copper products via liquid-liquid extraction or 
cementation is of interest. Three liquid-liquid extraction circuits have been proved in this 
investigation, resulting in solutions which can enter to a copper electrowinning plant. Cementation 
with zinc is also attractive, though the purity of the final product tends to be less than above. 
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Abstract 


The main objective of this study is to appraise the biodegradability, toxicity and photochemical 
treatability of a segregated textile effluent bearing a non-ionic surfactant. The segregated stream has 
a COD of 520 mg/L and a TOC of 240 mg/L that is completely soluble. The distribution of COD at 
different molecular weight cut-offs for raw wastewater shows that approximately 90% of the COD 
originates from a molecular weight cut-off range less than 30 kDa fraction. The aerobic biological 
treatment outlet contains a residual COD level of approximately 9% of the inlet COD. 120 minutes 
UV-C treatment of the segregated textile bath discharge at pH 4.0 results in a TOC removal of 45%. 
Increasing the initial reaction pH, however, is observed to reduce both the rate and extent of TOC 
removal. According to the empirical relationship found for UV-C application, approximately 8 and 
15 mg H20: are used to mineralize 1 mg TOC at pH 4.0 and 11.0, respectively. Acute toxicity tests 
employing V. fischeri show increased toxicity with the application of 60 and 90 minutes 
photochemical treatment. 


Keywords: inert COD; photochemical treatment; surfactant; textile bath discharge; toxicity 


1. INTRODUCTION 


Manufacturing processes generate segregated wastewater streams that might hold different toxicity 
and biodegradability levels. Such an output is an expected one as various auxiliary chemicals with 
different toxicity and biodegradability characteristics are fed during different stages of industrial 
operations. In this respect research activities on alternative textile auxiliaries that lower either 
energy requirements or water input or wastewater pollutant loads [1], together with specific 
treatment options applicable to segregated textile effluent streams are intensified [2-6]. 

Surfactants are among the commonly applied auxiliaries in textile wet mills from which chemical 
laden effluents arise. In some cases, the surfactants contribute more than 30% of the organic pollution in 
wastewaters originating from textile finishing plants [7]. Besides various surfactants are fed into textile 
wet mill operations, among which more than 500 are non-ionic in nature [8]. Biodegradability of non- 
ionic surfactants depends on the size of the molecule and the degree of branching [9]. Some surfactants 
exert high recalcitrance due to the presence of aromatic rings in alkyl chain [9]. Studies are performed to 
search ecotoxicological properties of commercial surfactants [3-6, 10-12]. 

Biological treatment is the most commonly applied method to textile effluents as it yields the 
most cost effective solution [13]. However, some segregated textile wastewaters where auxiliary 
chemicals are added might cause problems related to their high recalcitrance and toxicity in 
biological treatment. Therefore, it is recommended to pass these problematic segregated bath 
discharges through a specific treatment previous to mix them with the rest of the effluents [14]. As 
stated in literature the economic and technical feasibility of applying solely AOP's to industrial 
wastewaters is questionable [15]. Yet partial oxidation by the use of AOP's to inert and/or toxic 
segregated industrial effluents may result in more biodegradable and/or less toxic outputs that can 
ease the subsequent biological treatment. Photochemical treatment by H2O2/UV-C oxidation is 
among the most effective treatment alternatives applicable to surfactant bearing textile effluents [7]. 
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In this context the purpose of this study is to assess the biodegradability, toxicity and 
photochemical treatability of a non-ionic surfactant carrying segregated textile wastewater stream. 
The COD distribution at various molecular size cut-off levels are presented. The results obtained on 
the application of H;0;/UV-C oxidation are evaluated. The effect of photochemical treatment on 
the acute toxicity towards Vibrio fischeri 1s investigated. 


2. MATERIALS AND METHODS 


The surfactant under investigation was obtained from a local textile dyeing and finishing mill in 
Istanbul, Turkey and used as received. It must be noted that the surfactant formulation contained 
H202. This surfactant was added in batch-wise preparation operations during viscose fabric 
production. After the application of the mentioned surfactant, viscose fabric was directed to dyeing 
step. Therefore, the major concern was the last stage of preparation. Figure 1 depicts the general 
production route together with the details of the textile bath where the surfactant was added. As given 
in Figure 1, in the last stage of preparation phase, 8 g/L of surfactant and 0.5 g/L of leveling agent 
were added to a textile bath where 100 kg of viscose fabric was processed at 60°C at a pH of 10 for 
about 45 minutes. Approximately 100% of the surfactant and the leveling agent remained unfixed 
onto the viscose textile material yielding a segregated wastewater containing all of the added 
surfactant and the leveling agent. Due to this fact to mimic the actual textile bath discharge where this 
textile surfactant was added, a sample was prepared by dissolving 4 grams of surfactant and 0.5 grams 
of leveling agent in 1 liter of water. This sample was subjected to the experimental studies. 

Physicochemical and ecotoxicological characteristics of the surfactant as obtained from 
material safety data sheet, are summarized in Table 1. As can be seen from the table, the surfactant 
has low acute oral toxicity towards rats. However aquatic toxicity is of concern as the effluents of 
this facility will be discharged to a nearby marine environment. 


2.1 Analytical Procedures 

H202 in the samples was determined titrimetrically by employing the molybdate-catalyzed 
iodometric method [16]. COD was determined by following the closed reflux titrimetric method 
[17]. In order prevent H;O» interference on COD measurements, prior to COD analysis H202 
present in the samples was destroyed with enzyme catalase derived from Micrococcus lysodeikticus 
(Fluka). TOC was measured by using a Shimadzu VCPN model carbon analyzer (combustion 
method) equipped with an auto sampler. All other analyses for conventional parameters were 
conducted according to Standard Methods [18]. The experiments were conducted at room 
temperature. pH was adjusted by introducing either NaOH or H5SO, solutions. pH values were 
measured with an Orion720-- model pH-meter. Filtrates of samples subjected to vacuum filtration 
by means of Millipore membrane filters having a pore size of 0.45 um were defined as soluble 
fractions. Each data point was calculated as the mean of three replicate measurements. Experiments 
were repeated until obtaining statistically indifferent results. 
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Viscose 


í Desizing JA ea Product 

Fabric Scouring Finishing 
Bleaching 
Preparation 

3 
100 kg viscose fabric 1 m^ water 
Surfactant (4 g/L) 
60 *C viscose fabric to 
Leveling agent (0.5 g/L) pH: 10 dyeing step 


45 minutes 


Wastewater 


Figure 1. General production flowchart and the textile bath under investigation 


Table 1. Characteristics of the surfactant as obtained from the product safety data sheet 


Appearance Cream coloured granules with a characteristic odour 
Ingredients Ethoxylated alcohol mixture (Non-ionic surfactant) 
Density (g.cm-3) 1.1 

pH 9.5 — 10.5 (1 gr/L) 

Solubility Highly water soluble 

Acute oral toxicity (LD50*, mg.kg-1) »2300 


* Lethal dose causing 50 46 death in rats; 


2.2 Molecular size distribution 

The COD distribution of the sample (textile bath discharge bearing the surfactant) at different 
molecular size cut-off levels was assessed. For this purpose, a series of filtration/ultrafiltration 
experiments were performed by using 400 mL-capacity cells (Amicon, Model 8400) under positive 
nitrogen gas pressure (0.4-2.5 bar) and continuous mixing. The segregated textile bath discharge 
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was filtered through 1200-1600 nm (Millipore AP40), 450 nm (Durapore & HV, PVDF) and 220 
nm (Durapore ® GV, PVDF) cut-off filters under 0.7 atm pressure. Samples previously filtered 
through 220 nm membrane filters were subjected to ultrafiltration using 100, 30 and 10 kDa 
molecular size cut-off membranes under 3.7 atm pressure. Obtained permeates and retentates were 
analyzed for COD. 


2.3 Inert COD 

The experimental procedure given in literature for completely soluble wastewaters [19] was adopted 
for the assessment of inert COD content of the sample. According to the mentioned procedure two 
aerated cylindrical batch reactors with volumetric capacities of 3 liters, one fed with the textile bath 
discharge itself, and the other with glucose solution having the same dilution, were run. The seed 
was obtained from a lab-scale fill and draw aerobic reactor operated under steady state conditions 
for about 40 days with a food to microorganism ratio of 0.6 mg COD (mg VSS. day)’. A mixture of 
50% glucose and 50% textile bath discharge sample was introduced as the feed for this fill and draw 
aerobic reactor used to generate the seed. An initial biomass concentration of 50 mg VSS L” was 
sustained in the batch reactors (both run with sample and with glucose) where inert COD tests were 
conducted. Such a low initial biomass is adopted to hinder the interference of the residual COD that 
can form from the endogenous respiration of initial inoculums. Aliquots removed periodically from 
the mixed liquor of each reactor (run with sample and with glucose) were analyzed for soluble 
COD. To avoid erroneous results, a strict accounting was kept for all samples removed from the 
bioreactors, so that any water loss by evaporation was replaced with tap water prior to sampling. 
When a stable soluble COD plateau was observed, the experiments were stopped. The threshold 
level indicating a stable soluble COD plateau was defined as getting less than 3-5 % variation 
between consecutive samples. During the operation of bioreactors, pH was maintained in the range 
of 7-8 (suitable for biological activity). Nitrification inhibitor (Formula 2533TM, Hach Company) 
was added to all bioreactors in order to prevent any possible interference induced. 


2.4 Photochemical treatment 

Photochemical treatment experiments were performed in a 3250 mL-capacity batch stainless steel 
photoreactor having a length 95 cm and a width of 6 cm. This photoreactor was equipped with a 
40W low-pressure, mercury vapor sterilization lamp located at the center of the reactor in a quartz 
glass envelope. The incident light flux of the UV-C lamp at 253.7 nm and effective UV-C light path 
length were determined via HO» actinometry [20] as 1.44x10°einstein L'! s! and 5.67 cm, 
respectively. The sample was continuously circulated through the UV-C photoreactor using a 
peristaltic pump at a rate of 400 mL/min, corresponding to a hydraulic retention time of 8 min in the 
photoreactor. In each experimental run, the surfactant bearing wastewater was fed to the 
photoreactor and a sample (at time t 20) was taken. At this point, the reaction was initiated by 
turning on the UV-C lamp. Samples taken for up to 120 minutes were analyzed for total organic 
carbon (TOC) and H2O>. 


2.5 Acute toxicity 

Acute toxicity tests were performed by using BioTox™ test kit (AboatoxOy, Finland) that is a 
commercial bioassay based on the inhibition of bioluminescence emitted by the V. fischeri marine 
photobacteria [21]. Accordingly, the lyophilized bacteria were rehydrated. 500 uL aliquots of the 
bacteria solution were pre-incubated for 15 min at 15?C. After measuring the initial bacteria 
luminescence, 500 uL of the diluted samples were added to the bacteria. The luminescence was 
again measured after the incubation time of 15 min at 15?C on an Aboatox C110 (AboatoxOy, 
Finland) BioTox apparatus. The IC5o, ICs; and ICs, values corresponding to the dilution ratio of 
samples that produces 20%, 50% and 80% effect on V. fischeri, respectively, of raw and treated 
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segregated textile bath discharge were determined. Prior to acute toxicity tests the pH of all samples 
was adjusted to 7.0 + 0.2. 


3. RESULTS AND DISCUSSION 


3.1 Conventional wastewater characterization and COD distribution at different molecular 
sizes 

The segregated textile bath discharge where the surfactant under investigation is added, is completely 

soluble in nature. This effluent has a total COD of 520 mg/L, TOC of 240 mg/L, TKN of 23 mg/L, TP 

of 9.4 mg/L and a pH range of 9.5-10.5. The distribution of COD at various molecular weight cut-offs 

are presented in Figure 2. The results indicate that approximately 90 % of the COD originates from a 

molecular weight cut-off range less than 30 kDa fraction and 69 % of it is in «10 kDa range. 


32 Inert COD 

The organic content of industrial wastewaters is measured with COD. As total COD presents both 
biodegradable and inert organics, a fractionation is required to find out the inert portion that can be 
obtained after passing the effluent from biological treatment. The sum of the soluble residual (inert) 
microbial products, Sp, and the inert COD of influent origin, Sr, dictates the level of achievable 
COD at the outlet of a biological treatment plant [22]. The results of the inert COD experiment are 
tabulated in Table 3. The inert COD fractions presented in Table 4 are calculated by evaluating the 
figures obtained. Accordingly, out of 519 mg/L total COD, soluble inert COD accounts for 19 mg/L. 
Aerobic biological treatment effluent contains a residual COD level of 46 mg/L, corresponding to 
approximately 9% of the COD inlet. These findings indicate biodegradable nature of the segregated 
bath discharge. 
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Figure 2. COD profile at different molecular sizes 
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Table 3. Results of the inert COD experiment 


Soluble COD (mg/L) Reactor fed with 


wastewater glucose 
Start of the experiment 519 518 
End of the experiment 46 27 
Duration (weeks) 13 13 


Table 4. Inert COD fractions 


Parameters (mg/L) 
COD of the Sample, Cr 519 
Soluble Inert COD of the Sample, S; 19 
Soluble Microbial Products, Sp 27 
Residual COD, S;+ Sp 46 


3.3 Photochemical treatment 

Figure 3 (a) and (b) shows TOC removal and H2O2 consumption rates during photochemical 
treatment of segregated textile bath discharge at pH 4.0 and 11.0, respectively. As can be seen from 
the figure, the average TOC value reached at the end of photochemical reaction period (120 
minutes) is 137 mg/L at pH 4.0. This finding corresponds to an ultimate TOC removal efficiency of 
45%. The oxidation of the organic carbon content continues during the course of photochemical 
treatment. 85% of the initially present H2O> is utilized at the end of 120 minutes treatment period at 
pH 4.0. Taking into consideration that TOC removal and H202 consumption follow a similar trend, 
a linear relationship could be established for the obtained TOC removal and H202 consumption 
rates as presented in Figure 4. According to the empirical relationship found for these two process 
parameters, approximately 8 mg H202 is used to mineralize 1 mg TOC during the photochemical 
treatment of segregated textile bath discharge at pH 4.0. 

It is evident from Figure 3 (b) that TOC removal is inhibited at pH 11.0 as at the end of 120 
minutes 36% TOC removal is achieved. This fact can be mainly attributed to the high reaction pH, 
where H5O» dissociates to its conjugate base HO» (pK, = 11.65) and is only partly available in the 
reaction medium for UV-C light absorption. As mentioned above, the presence of H2072 is essential 
for TOC removal because hydroxyl radical (HO*) production entirely depends on H2O> availability 
and concentration [23]. Considerably higher H202 consumption rates are observed at pH 11.0 than 
at pH 4.0. H5O; is totally consumed after 60 minutes of photochemical treatment at pH 11.0. It 
should be mentioned here that despite the complete utilization of H202, TOC removal is increased 
from 23% (obtained for 60 minutes) to 36% (obtained for 120 minutes) as shown in Figure 3(b). It 
is thought that the oxidation process continued as a consequence of the UV-C photolysis of 
degradation intermediates formed during the photochemical treatment. A linear relationship is also 
observed between TOC removal and H202 consumption data for oxidation experiments conducted 
at pH 11.0 (Figure 4). Approximately 15 mg H20, is used to mineralize 1 mg TOC for the treatment 
of segregated textile bath discharge when the reaction pH is adjusted to 11.0. 


3.4 Acute toxicity 

Considering the substantially better performance of photochemical treatment at pH 4.0, it is decided 
to perform the acute toxicity tests only for this pH. Table 5 presents the V. fischeri toxicities (IC 
values) obtained during photochemical treatment of surfactant wastewaters. As can be seen from 
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Table 5, the original ICgo value, being 3.9, is decreased to 2.7 and 2.5 after 60 and 90 minutes of 
photochemical treatment, respectively. As is reported in the literature investigating the HOe-based 
treatment of alkylphenol ethoxlate type nonionic surfactants, the step-wise loss of side chain 
ethoxylate units of alkylphenol ethoxlates results in more persistent and lipophilic metabolites and 
the toxicity generally increases with the hydrophobic character of the molecule [24-26]. In the 
present case, as the oxidation progresses, a general increase in the V. fischeri toxicities is observed 
due to the fact that degradation products formed during photochemical treatment are more toxic 
than the parent effluent. 
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Figure 3. TOC removal and H207 consumption efficiencies obtained during the photochemical 
treatment of segregated textile bath discharge at pH 4.0 (a) and 11.0 (b) 
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Figure 4. Relationship between TOC removal and H;O; consumption obtained 
for the photochemical treatment of segregated textile bath discharge at pH 4.0 and 11.0 


Table 5. Experimentally obtained IC values (46, v/v) for the raw (untreated) and for the 
photochemically treated (at pH 4.0) segregated textile bath discharge 


Photochemical Treatment Time 


Raw surfactant wastewater 60 min 90 min 
IC20 0.7 0.4 0.5 
ICso 1.2 0.7 0.8 
ICgo 3.9 2.7 2.5 


4. CONCLUSIONS 


The following conclusions are derived from this study performed on a segregated textile effluent 
bearing a non-ionic surfactant. The wastewater has a total COD of approximately 520 mg/L which 
is completely soluble. 9096 of this COD originates from a molecular weight cut-off range less than 
30 kDa fraction and 69% of it is in «10 kDa range. A residual COD level of 46 mg/L can be 
achieved by passing this segregated stream from aerobic biological treatment. This level 
corresponds to only 9% of the inlet COD indicating the biodegradable nature of the segregated 
stream. 120 minutes photochemical treatment of the segregated textile bath discharge at pH 4.0 
results in 45% TOC removal. Increasing the pH from 4.0 to 11.0 decreases the TOC removal 
efficiency to 36%. Experiments conducted on V. fischeri reveal the formation of photochemical 
oxidation products with higher toxicities than the parent effluent. It is recommended to consider 
alternative treatment methods for this segregated textile stream due to the limited TOC removal 
efficiencies and elevated toxicity levels obtained with UV-C application. 
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Abstract 


Supercapacitors (Ultracapacitors or Electric Double-Layer Capacitors) are high capacity 
electrochemical capacitors that can act as a bridge, in means of an electricity storage method, 
between common electrolytic capacitors and other means of electrochemical energy storage (i.e. 
batteries). A Supercapacitor consists of the electrodes, the electrolyte and the separator. This study 
reveals the various materials used in the manufacturing process of Supercapacitors, their pros and 
cons and classifies these materials, along with upcoming trends, regarding their potential 
environmental issues and the possible harm that can do to humans and the environment. 

The wide varieties of materials (Ruthenium, Iridium, Phosphonium etc.) that are used in the 
production of Supercapacitors are analyzed, and along with their stroke degradation, we separate 
the environmentally inert and the environmentally harmful types of Supercapacitors. 

A key towards a sustainable future lies both between the exploitation of Renewable Energy 
Sources (and our ability to capture and store the stochastic power generated) and the R&D of new 
materials that can be used in this process without disregarding the environmental “leftovers” after 
their usable period of time. For this reason, this study also emphasizes on the End-of-Life phase of 
this electric energy storage method. 


Keywords: energy storage; end-of-life; capacitors; environment; supercapacitors 


INTRODUCTION 


The ever changing needs of the world regarding energy demands is shifting towards energy storage. 
Applications are found in power grids, home energy producers and even electric cars. 
Supercapacitors are here to bridge the gap between conventional batteries and simple capacitors. 
Supercapacitors' high surface area electrode materials along with thin electrolytic dielectrics allow 
them to achieve capacitances much greater than conventional capacitors, thus leading to attainable 
greater energy densities while maintaining the high power characteristics of conventional 
capacitors. Research and development (R&D) of these electrode materials and of the electrolytic 
dielectrics constantly show us the way to upgrading the characteristics of Supercapacitors. This 
study explores these materials and their characteristics towards environmental issues. A key aspect 
of this study is to define the recyclability of Supercapacitors according to their materials. 


Hierarchical Classification of Supercapacitors 

Currently, Supercapacitors can be divided into three general classes [1]: 

i. Electrochemical double-layer capacitors (EDLC); it is the combination of two carbon based 
electrode materials separated by an insulator. The storage of the energy charge takes place by 
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non-faradaic manner and there is no charge transfer between electrode and the electrolyte. 
Carbon materials are unique structures with great surface area, excellent electric conductivity, 
high chemical stability and high mechanical stability. 

ii. Pseudocapacitors; they electrostatically store the charge and the electrode-electrolyte interface 
manages to transfer the faradaic charge. They have higher specific capacitance and higher 
energy density than EDLCs. Transition metal oxides and conducting polymers are good 
examples of materials used in this technology. 

iii. Hybrid capacitors 


í Electrolyte Electrode E 
< s — 
Positive Negative Electrode 
electrode electrode is) o! 
Electrode 
ECCE QW CER C. qu) 
Electrolyte | Electrolyte Electrolyte | Electrolyte 
Separator Separator 
(a) (b) 
+ 
Electrode Electrode 
Electrolyte | Electrolyte 
Separator 
(c) 
Figure 1: Schematic representation of supercapacitors: 
(a) EDLC, (b) Pseudocapacitor, (c) Hybrid [2] 
Figure 2: Classification of Supercapacitors [3] 
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Electrode Materials Used in Supercapacitors 

As seen above, Supercapacitors can be manufactured by various materials. In order to define the 
environmental concerns of these materials, we should first define these materials. Some of the 
current materials that can be used, can be found in the table below. 


Table 2: List of materials used in Supercapacitors as electrode 


Class xeu Type Contains Ref 
i Single Walled Carbon Nanotubes 
ii Multiwalled Carbon Nanotubes 
iii Fullerene 
Dr iv Graphene C [1] 
M Activated Nanoporous Carbon 
vi Activated Carbon Nanofibers 
vii Graphene based Nanocomposites 
vili RuO, Ru [1] 
ix IrO, Ir 
X MnO, Mn 
xi SnO: Sn [4] 
xii BiFeO; Bi 
eue xiii V205 V [1] 
xiv NiO Ni 
XV NiFe;O4 NiFe [4] 
xvi Bi,O; In 
xvil Fe304 Fe [1] 
xvill Co304 Co [4] 
xix Polyaniline nanofibers N 
poo XX Polypyrrole film N [1] 
xxi Poly(3,4-ethylenedioxythiophene) (PEDOT) S 


Electrolyte Materials used in Supercapacitors 

Another very important material used in a Supercapacitor is the electrolyte. The electrolyte defines 
the performance of the Supercapacitor, as the electrolyte concentration has to be high in order to 
avoid depletion issues during the charging phase. If the electrolyte reservoir is small compared to 
the area of the electrode, the performance of the Supercapacitor will be reduced. Gonzalez et al [5] 
also mention that there are two types of electrolytes used: Aqueous and organic and, ionic liquids. 
The most recent activated carbon based supercapacitors (SCs) on the market use electrolyte 
solutions based on aprotic solvents, typically acetonitrile (AN) or organic carbonate-based solvents 
(propylene carbonate (PC), ethylene carbonate, ethyl methyl carbonate etc.) with cell voltage up to 
2.85 V [6]. Another study used an ionic liquid based composite gel polymer electrolyte containing 
nanostructured SiO» [7]. Other different electrolytes can be found in the table below: 
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Table 3: Types and Chemical Composition of Electrolytes 


Type Eo Chemical Composition Re 
R i Acetonitrile [8] 
Organic — 
ii Propylene Carbonate [9] 
iii tetraethylammonium tetrafluoroborate 
Salt iv Tetraethylphosphonium tetrafluoroborate [10] 
v Triethylmethylammonium tetrafluoroborate 
vi l-ethyl-3-methylimidazolium bis (trifluoromethylsulfonyl) imide 
(EMI-TFSI) 
vil 1-ethyl-3-methylimidazolium tetrafluoroborate (EMI-BF4) [11] 
Ioni viii ]-methyl-1-propylpiperidinium bis (trifluoromethylsulfonyl) imide 
ame (MPPp-TFSI) 
ix l-Butyl-3-methylimidazolium tetrafluoroborate ([BMIM ][BF4]) 
X 1-butyl-3-methylimidazolium bis (trifluoromethylsulfonyl) imide [12] 
([BMIM][TFSI]) 


As it can be seen, the variety of materials is not limited. New combinations are being studied 
and tested in order to produce the supercapacitor that fits the current and future energy trends. 


Recycling Supercapacitors 

Supercapacitors should be recycled according to European Union (EU) Directive 2002/96/EC on 

waste electric and electronic equipment [13]. Several hazards are needed to be considered in the 

development of the recycling technologies [14]: 

e Hazards associated with the solvents. The most widely used solvents for dissolving electrolytes 
are propylene carbonate (PC) and acetonitrile (AN). 

e Hazards associated with the electrolytes. The electrolytes used in supercapacitors are organic 
salts. Tetraethylammonium tetrafluoroborate (TEA-BF,) is the most widely used in commercial 
supercapacitors. 

e Hazards associated with the polymer binder. The most commonly used binders are 
fluoropolymers such as polytetrafluroethylene (PTFE) or poly (vinylidene fluoride) (PVDF) 
due to their inert nature. 

Jiang and Pickering [14] have also studied the recycling of supercapacitors based on shredding 

and mild thermal treatment, where they conclude that the three main components of a 

supercapacitor (activated carbon, solvent and aluminum) can be recycled while the polymer binder 

and electrolyte salt are left behind in the activated carbon. After shredding, a mild thermal treatment 

(200°C) can evaporate the solvents in 5 mins. 

Vermisoglou et al [15] developed a simple and low-cost method for recycling of supercapacitor 

material. This method aims in recovering the fundamental metal and carbon components and also 

deal with the electrolyte by dissolving it in an aprotic solvent in order to avoid hazardous anions. 
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iltration 


separation 


shredded 
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Figure 3: The recycling process ant the separated products from supercapacitors [15] 


Toxicity and Environmental issues in Materials used in Supercapacitors 

Apart from the recycling process described above, we should also bear in mind the various 
dangers associated with the handling of materials used in the manufacturing process of 
supercapacitors. For this reason, the previously noted materials will be classified according to their 
toxicity and other factors, following the EU Directive 2001/59/EC [16] and the Global Harmonized 
System of Classification and Labelling of Chemicals. 

Although GHS concentrates on human related issues regarding the chemicals, one can clearly 
see that some of these can damage the aquatic environment with chronic toxicity. The most toxic 
substance seems to be the 1-Butyl-3-methylimidazolium tetrafluoroborate ([BMIM][BF4]) as it is 
characterized “Very toxic to aquatic life with long lasting effects". In general, the electrodes are 
environmentally inert, with the exception of Vanadium which is toxic. Special care should be given 
to the electrolytes, as they can sip easily into the water horizon and damage the environment. 
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Table 4: Summary of GHS regarding the materials mentioned in this study [17] 


Acute Toxicity | Oral 3 LDs, > 50 mg/kg < 300 mg/kg Toxic if swallowed 
4 LDs, > 300 mg/kg < 2000 mg/kg Harmful if swallowed 
Dermal 3 LDs, > 50 mg/kg < 300 mg/kg Toxic in contact with skin 
4 LDs, > 300 mg/kg < 2000 mg/kg Harmful in contact with skin 
Skin Corrosion 1B | Destruction of skin tissue based on | Causes severe skin burns and eye 
exposure of up to 1 hour damage. 
Skin irritation 2 Mean value of $2.3 > 4.0 for erythema | Causes skin irritation 
/ eschar or edema in at least 2 of 3 
tested animals from gradings at 24, 48, 
and 72 hours (or on 3 consecutive 
days after onset if reactions are 
delayed); inflammation that persists to 
end of the (normally 14-day) 
observation period. 
Eye irritation 1 Effects on the cornea, iris or | Causes severe eye damage 
conjunctiva that are not expected to 
reverse or that have not fully reversed 
within 21 days 
2A | Effects on the cornea, iris or | Causes severe eye irritation 
conjunctiva that fully reverse within 
21 days 
2B | Effects on the cornea, iris or | Causes eye irritation 
conjunctiva that fully reverse within 7 
days 
Hazardous to Chronic 1 L(E)Csox1.00 and lack of rapid | Very toxic to aquatic life with 
the Aquatic toxicity degradability and/or BCF-500 long lasting effects 
Environment 
2 1.00<L(E)Cs59<10.0 and lack of rapid | Toxic to aquatic life with long 
degradability and/or BCF2500 lasting effects 
3 10.0<L(E)Cs9<100 and lack of rapid | Harmful to aquatic life with long 
degradability and/or BCF2500 lasting effects 
4 No acute toxicity and lack of rapid | May cause long lasting harmful 
degradability and BCF2500 effects to aquatic life 
Germ Cell 2 Cut-off/concentration limit: 21.096 Suspected of causing genetic 
Mutagenicity defects 
Reproductive 2 Cut-off/concentration limit: 20.196 Suspected of damaging fertility or 
Toxicity the unborn child 
Specific Target | Repeated 1 Causes damage to organs through 
Organ toxicity Exposure prolonged or repeated exposure 
Single 2 May cause damage to organs 
Exposure through prolonged or repeated 
exposure 
3 May cause respiratory irritation Or 


May cause drowsiness or 


dizziness 
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Table 5: Electrolytes toxic and other documented environmental issues 


Type 


Inde 
x No 


CAS it 


: : Aquati 
Acute Skin Skin STO Eye 


Toxicit | Irritatio | Corrosio T RE Irritatio Chroni 
y n n n : 


Other Info 


Organi 


75-05-8 


Highly 
Flammable 
liquid and 
vapor, 
Harmful if 
swallowed, 
in contact 
with skin 
or If 
inhaled 


108-32-7 


Salt 


429-06-1 


665-49-6 


Corrosive, 


No Data Available : 
Irritant 


69444-47-9 


Harmful, 
No Data Available Corrosive, 
Irritant 


Tonic 


vi 


174899-82- 
2 


Toxic if 
Swallowed 
or in 
Contact 
with Skin, 
Causes 
Severe 
Skin Burns 
and eye 
damage 


143314-16- 
3 


608140-12- 
1 


No Data Available 


174501-65- 
6 


174899-83- 
3 


Toxic if 
Swallowed 
or in 
Contact 
with Skin, 
Causes 
Severe 
Skin Burns 
and eye 
damage, 
Dangerous 
for the 
environme 
nt 
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Table 6: Electrodes toxic and other documented environmental issues 


Germ Aqua 
Index Acute ST ST Ey ua Eye Cell Reproduc tic Other 
Class CAS# | Toxic | OT OT | Irritati | Dama : fi 
No ` Mutageni tion Chro Info 
ity RE SE on ge : . 
city nic 
i Inert / No Data Available 
ii Inert / No Data Available 
wes 99685- 
ill 96-8 3 2 
Carbon based iv Inert / No Data Available 
v Inert / No Data Available 
vi Inert / No Data Available 
vii Inert / No Data Available 
viii ps 7 Inert / No Data Available 
‘ 12030- : 
Ix 49-8 Inert / No Data Available 
1313- 
5 13-9 j 
xi pu J Inert / No Data Available 
xii Inert / No Data Available 
Toxic 
and 
m 1314- dangerou 
T 62-1 $ ] 2 : : s for the 
environ 
ment 
may 
cause 
A 1313- cancer 
xiv 99-1 1 4 by 
inhalatio 
n 
Metal Oxides Toxic, 
May 
cause 
XV 12163 No Data Available cancer 
54-6 
by 
inhalatio 
n 
xvi 1304- Inert / No Data Available 
76-3 
xvii Pn Inert / No Data Available 
May 
cause 
allergy 
Or 
asthma 
E 1308- symptom 
xviii 06-1 3 Ment 
breathin 
g 
difficulti 
es if 
inhaled 
, xix Inert / No Data Available 
Conducting XX Inert / No Data Available 
Polymers 
xxi Inert / No Data Available 
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Conclusions 


Supercapacitors are an emerging technology for both mobile and stationary applications. The 
materials used in their manufacturing process include both environmentally inert and toxic 
substances. Usually the electrolyte poses a threat towards the environment and needs to be tended 
with care in the process of recycling. The method that is dominant at the moment is the shredding of 
supercapacitors and the recovery of their materials. 
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Abstract 


The disposal of unused or expired pharmaceuticals via the sink or the toilet or in the household 
waste is considered to be one of the main pathways for emission of pharmaceuticals into the 
environment. Through this paper we are aiming (a) to determine the attitude of citizens in Cyprus 
regarding the disposal of pharmacies, (b) to investigate if a centralized waste management system 
can be established (c) as well as to identified the main reasons why those waste are produced. The 
result indicted that in Cyprus there is lack of data regarding the amount of pharmaceutical waste 
that are discarded into household waste and sinks. From the survey audit 86.6% of men's and 
83.3% of women's were used pharmacy / drug with or without doctor's recipe. The main reason 
that pharmaceutical are produced is due to the social behaviour. Moreover, it is estimated that 
citizens mainly keep unused medicines at home in case they're needed again as well as patients use 
to cut-off or to reduce their treatment. The main disposal solution of unused or expired medicines 
remain the household bin and sewage system (sink or toilet). 


Keywords: pharmaceutical waste management; social attitude; social behavior; drugs; hazardous 
waste 


1. INTRODUCTION 


Pharmaceuticals were first discovered in the environment around 40 years ago [1] and are produced 
and used in increasingly large volumes from year to year. A wide range of pharmaceuticals has 
been found in fresh and marine waters, and it has recently been shown that even in small quantities, 
some of these compounds have the potential to cause harm to aquatic life [2]. Several research's has 
been done, focuses on the trace levels of pharmaceuticals in environmental samples, including 
sewage effluent, surface water, groundwater, and even drinking water, mainly in EU countries, 
which results in their continuous release into the environment [3, 4]. Nowadays according to Rizzo 
et al., [4] a wide range of trace chemical contaminants persisting in municipal wastewater after 
conventional treatment and includes among others inorganic compounds, persistent organic 
pollutants like endocrine disrupting compounds, pharmaceutically active compounds and many 
others complex compounds which all those are consider to be an important and significant 
environmental issue. One of the main reasons that pharmaceutical products (Figure 1) produce 
waste which creates significant negative issue to the environment is the social attitude and more 
specific about what is consider as the best practise to dispose of, those wastes. Several researches 
indicated that the most wide and known method is to dispose unused medications by flushing them 
down the toilet or discarding them in the garbage [5]. 
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Figure 1: Life cycle analysis of pharmaceutical products 


The problem of pharmaceutical waste is very complex. On one hand, are the negative issues 
which affect the environment as mentioned above and on the other, are the reasons that those wastes 
produced. Cyprus according to Eurostat is considered to be the first EU country in the use of 
antibiotics and drugs with or without doctor recipe. In 2013, the consumption of antibiotics for 
systemic use in the community ranged from 10.8 defined daily doses (DDD) per 1000 
inhabitants/day (the Netherlands) to 32.0 DDD per 1000 inhabitants/day (Greece); a 2.9-fold 
difference, which is similar to previous years. The population-weighted EU/EEA mean 
consumption was 22.4 DDD per 1000 inhabitants/day, representing a continuing increase over the 
last five years for the EU as a whole, as well as for six individual countries [6]. 

Cyprus pharmaceutical industry today consists of six industrial plants which mostly produce 
generically pharmaceuticals. According to the official statistics from Cypriot pharmaceutical 
industry during 2012 has been placed on the international market pharmaceutical products which 
worth more than 220 m €. Those products, corresponds approximately 34% of the domestic exports. 
On 2010 the exports of drugs from Cyprus (mainly to EU countries, while smaller quantities to 
Middle Fast and Africa) was more than 23% of the total production. In the free part of the Island 
exists 85 licensed drug distributors, 478 private and 41 governmental pharmacies (which based in 
hospitals and other health care services). According to the Statistical Services on 2011 the total 
spending on health care was up to 7.2% of the GDP of the country while on 2014 were up to 8.1%. 
In the private sector on 2011 the total expenses focuses on pharmaceutical products were 149.6 m € 
while on 2014 were more than 160 m € [7]. On the other hand the governmental sector of health 
care (including hospitals etc) spend more than 110 m € / year for pharmaceutical products. 
According to Fent [8] many countries are not in a position to provide reliable data regarding the 
health care sector. The last health care report carrying on 2008 from the EU health care sector [7] 
estimated that, the use of prescribed medicines was up to 37.5% of the total population, on which 
42.1% was women and 32.6% was men. It is generally observed from the same report that the rate 
of use of prescription drugs increases with age, with the exception of children up to four years 
which exhibit disease with a greater frequency. The most common drugs were those for 
hypertension, cholesterol, painkillers, diabetes, stomach problems, and antibiotics [7]. It is 
important to mentioned that Cyprus ranks second behind Greece in European level on the use of 
antibiotics, indicated that Cypriots use antibiotics in non-rational way with consequent effects of 
increasing antimicrobial resistance and diffusion of multi-resistant bacteria that expose the safety of 
the population [9]. According to Hatjimichael et al., [10] the amount of antibiotics that are used in 
Cyprus is higher than those in Sweden, Norway and Denmark and these is because of the presents 
of polypharmacy phenomena due to the influence of demographic and socio-economic factors. 

This paper focuses on the investigation for effective implementation of an appropriate 
pharmaceutical waste management system from domestic sectors in Cyprus. The development and 
implementation of a management system for medical waste will contribute substantially to solving 
the problem of irrational and uncontrolled disposal of drugs. Moreover through this research we are 
aiming to determine the attitude of citizens in Cyprus regarding the disposal of pharmacies/drugs, 
and to investigate if a centralized waste management system can be established as well as to 
identified the main reasons why those waste are produced. 
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2. MATERIALS AND METHODS 


The problem of safe disposal of unused and expired medicines and drugs from households in 
Cyprus is largely unknown. Until now there is no any specific management system in place focus 
on pharmaceutical waste. This creates confusion to the citizens on what and which is considering to 
be the most environmental friendly methods. Moreover, through this research some other goals had 
been set including (i) the identification of the reasons that those waste are produced; (ii) to record 
existing disposal practices from citizens; (iii) to investigate the intention of participation of citizens 
in activities organized collection and safe management of waste medicines and (iv) to identifying 
several socioeconomic factors which influence the perceptions, knowledge, attitudes / practices of 
citizens in relation to the safe disposal of pharmaceutical waste in the environment. The sample of 
184 citizens consists of adults and cover all age groups from the age of 18+ and were living to the 
District of Nicosia (covering urban and rural areas). For the pilot survey the method of convenience 
sampling were used. This method was chosen due to specific advantages over other methods shows 
in terms of ease of access issues in information management and the time available for data 
collection and is usually applied where there is no direct access to a representative sample and 
highly exploratory surveys can give valuable but empirical results with generalizability to 
populations with similar characteristics to those of the sample [11]. The survey was caring out using 
184 citizens (44.6% men's and 55.4% women's) from several target groups, educated background, 
ages and economical activities. 6% from the age less than 20, 40.8% from the ages of 21-40, 31.5% 
from the ages of 41-60, 21.7% from the ages of 61-80. 67.7% of those were leaving in more 
urbanized areas and 32.446 in peri-urban areas (mostly in small villages). 51.396 of the responders 
have a university education while 24.096 were holders of postgraduate or doctoral degree, followed 
from the 27.3% that were graduates of academic colleges and 20.8% were graduates of higher 
vocational schools while 27.9% were high school or high school graduates. Finally, 41.8% of 
respondents were employed in the public and broader public sector, 22.3% in the private sector, 
12.5% were retired, 7.1% self-employed, 6.0% housewives, 5.4% students and 4.9% were 
unemployed. It is important to know that the characteristics of the sample are close to the actual 
distribution of the population in Nicosia. A specific questioner was used divided in several sections 
with specific characteristics: demographic and socioeconomic characteristics, level of knowledge 
regarding the risks posed by the use of drugs, level of knowledge regarding the disposal methods of 
unused of drugs, participation declaration of intent in case of application program suitable 
collection and safe disposal of pharmaceutical waste, environmental issues, and social issues. The 
statistical analysis were caring out using the Statistical Package for Social Sciences (SPSS V.22.0). 


3. RESULTS AND DISCUSSIONS 


The problem of pharmaceutical waste in the framework of compositional analysis is complete 
unknown. According to Zorpas et al, [12] (Figure 2) during the compositional analysis of 
household's waste exist a waste stream called “other wastes" which is about 8% (more or less) of 
the total household wastes and a range from 15-45% of those “other wastes” consist the 
pharmaceutical waste. Due to the absence of any awareness activity regarding the problems that are 
created from the uncontrolled disposal of those wastes, citizens use to disposed-off anywhere, but 
the most preferable “technique” is in the toilet and in the garbage. A typical pharmaceutical 
compositional analysis according to Filippis et al [13] includes active ingredients; excipients are 
added as binders in the manufacture of drugs and packaging materials such as paper, cardboard, 
plastic, aluminum and glass. This analysis is line with the forms that pharmacies is in the market 
and includes solid phase, semi solid and liquid phase. Also, according to Pratyusha et al. [14] 
pharmaceutical waste consist from two main streams. 
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The first are come from internal health 
care and the second from hospitals. 
Mainly pharmaceutical waste consist 
expiable drungs, drungs that we use to 
keep but not needed any more and are 
not expiable, package materials which 
contain or not drugs, plasters, syringes, 
needles, intravenous drug tubes etc. 
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SO Vr According to WHO [15] pharma-ceu- 


gs 
3i tical wastes are considered to be all the 
waste from pharmaceutical products 
and include expired and unused medi- 
cations, prescription or not as well as 
packaging such as bottles, flasks and 
boxes still containing pharmaceutical residues. The use of drugs is strongly related with the ages as 
indicated the survey audit and Musson et al [16]. 84.896 of the participants have used drugs during 
the last 12 months compared with 15.296 who said he has not used (Figure 3a). The majority of the 
participants (44.696) mentioned that they have made occasional use of non-prescription drugs, while 
39.1% indicated that they have done occasional use of prescription drugs (Figure 3b). The main 
basic classes of drugs that the participants occasional or regular used indicated in Figure 3c. 65.896 
were used painkillers and anti-inflammatory, 38.6% were used antibiotics, (with or without any 
doctors recipes) and 20.196 other medicines for fever. Similar results are presented and from others 
researches [17]. In order to build up a strategy focus on management on pharmaceutical waste 
management we must first identified the reasons why those waste are produced. Through this 
survey, 76.896 of the participants indicated that they keep remaining quantities of unused drugs after 
their medical treatment. Through the survey the main reasons that pharmaceutical wastes are 
produced has to do with the participant s behaviour in relation with how they understand and accept 
medical treatment and ethical issues. Those reasons are (1) the improvement of the patient's health 
(71.2%) (Figure 4a). In that case patients used to cut-off their treatment after the first 3-4 days and 
they don't complete their medical treatment; (ii) change of medication due to misdiagnosis or 
adverse side effects (65.8%); (iii) buy more drugs than those needed; (iv) changing the dosage of 
the drug (42.9%), followed by smaller amounts with or without any advice from their doctor; (v) 
difficulties in the application of the drug package (vi) in case the patient dies (vii) the expiration 
date of the drug. Similar results were observed and other studies caring out before [18]. Also 46.296 
obtained by the change of the medication due to incorrect diagnosis, 44.6% by the supply quantity 
of more drug than required. Furthermore 93.5% (Figure 4b) continue keep several drugs in case 
they will need them again (which believes that they can use them in case they will present similar 
symptoms with the last time). This phenomenon is also mentioned from Vellinga et al., [19]. An 
important result from this research was the fact that 1.696 of the participants afraid that may cannot 
find the same drugs in the market and they keep unnecessary quantities into the house. 

According to the survey audit 66.896 of the participant, know that the drugs beyond their 
beneficial effects are a threat to the environment. However the majority of the total sample (73.9%) 
mentioned that “did not know whether drugs have been detected in surface and groundwaters". 
Moreover, 70.196 mentioned that they did not know whether drugs have been detected in drinking 
water. 67.9% of the participant links the uncontrolled use of antibiotics by developing antimicrobial 
resistance. Finally a question whether the rejection medicines in the trash, the sink or the toilet has 
negative impacts on the environment, 52.7% gave a positive answer, 38.0% said not sure and 9.2% 
answered negatively. 


Figure 2: Other waste stream compositional analysis 
regarding the household wastes 


386 13^ International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Mgr 


eI IA LOCO occasional use of non-prescription. . 


occasional use of drugs 


systematic use of non-prescription.. 


systematic use of drugs 


hypertensive 
diabetic 


a Regarding how often the participants dispose of 
ee a ee is| expired and unused drugs that keep in their 
antibiotics 38,6 homes, 61% of them mentioned that they used 

edF to disposed of one a year while 3596 of them 2-3 

hormonal drugs times per year (Figure 5a). Langley et al [17] 


mentioned that, in the social context, it is 
unclear how much unused medicines are 
disposed of through normal household refuse 


Figure3: (a) Population analysis regarding and domestic sewerage systems. However, 
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An extremely important result was the fact 8.2% of the responded mentioned that gives the unused 
drugs to their friends or to the family considering that possibly are useful. Moreover, 85.196 of the 
participants mentioned that solid drugs are disposed of in the household waste while the liquid 
drugs into the sewage. In Taiwan, 88% (about 2.6 tons) of unused and expired medications are 
flushed down the toilet or discarded as regular household trash, causing severe environmental 
contamination [18]. More specific the same report indicated that 7796 of the respondents reported 
that they discarded their medications at home [directly into trash bins (72%), sinks (2%), toilets 
(1%), and other places (2%)] and the remaining, 23% returned their unused medications to the 
pharmacy for disposal (14% to hospital pharmacies and 5% to community pharmacies, 1% to clinic, 
1% to cosmeceutical store, 1% to Health Bureau,196 others). Disposal of unused medicines into 
domestic waste may also lead to landfill leachate and create environmental problems [2]. 
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Figure 4: Main reasons that participants keep medicines / drug at home 
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Similar issues may arise with a variety of personal care products which frequently contain 
biologically active compounds. Also, there are many researches indicated that the most common 
disposal methods in household level is the sewage, sink and household waste [18, 19]. Vellinga et al 
[19] mentioned that the most common method in Ireland is via household waste (5196) followed by 
the sink (29%) and finally in the toilet (14%). 72% of the participants in the survey caring on by 
Vellinga et al (2014) agree that disposed of their medicine in an environmentally inappropriate way. 
Moreover the same report identified that older people and medical card holders are significantly 
more likely to appropriately dispose of unused medicine. 
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Figure 5a: Frequency rejection of expired Figure 5b: Most favarable disposal 
or unused drugs practice of unused and expired medicines 
at household level from citizens. 


Figure 6a shows that the participants will support a pharmaceutical waste management system if 
exist in place. 40.9% indicated that they are willing to collect and returned in all pharmacies unused 
or expiable dugs as well as 32.0% are willing to used specific bins (in the concept of recycle bins) if 
those placed in supermarkets, malls or other centralized areas. 33.7%-58.2% of the participants 
mentioned that are participated in recycle program (Figure 6b). An important result of the survey 
was that they are willing to cover part of the cost of the above proposed methods. This cost were 
varied from 0.05 € to 1 € (38.7% indicate that they are willing to paid 0.10€, 27.4% the amount of 
0.05€, 14.5% the amount of 0.25€, 11.3% the amount of 0.50€ and 8.1% 1€). 


dor to dor collection in specific bags 
collection bins 
returned to private pharmacies 


returned to public parmacies (hospital). . 


returnedto all pharmacies 


Paper 
plastics/PMD 
glass 

clothes 


bateries 


a b 
Figure 6: (a) Main proposed disposal methods regarding pharmaceutical waste (b) participation of 
the participants in the existing recycling program 


Also the respondents consider that the statement of safer practices for disposal of medicines in 
packaging will help to reduce the presence of pharmaceutical compounds in the environment, the 
majority replied in percentage 45.1% that this will be extremely helpful, 29.6% very help full, 
19.8% moderately and 7.7% to a small extent. Langley et al. [17] indicated that the most commonly 
cited reason for medicines return was alteration to the medication regime made by the prescriber. 
This could result from a number of situations including adverse drug reactions, patient led 
discontinuation, lack of clinical need and the tailoring of new and existing therapies to individual 
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patients needs. In Australia the drugs for cardiovascular diseases are the most common group of 
drugs among those returned to pharmacies which shows that the higher costs of unused medications 
derived mainly from patients which follows lengthy treatments [20] . 

Although the absence of a specific management plan is consider to be an issue, however, the 
implementation of prevention activities and public awareness event regarding, negative impact on 
the environment of the uncontrolled disposal of the pharmaceutical waste, negative issues to the 
health that are created using medicines and drugs without doctors advise and safe disposal methods 
of waste, will be very useful for the population and for the protection of the environment. 

There are many prevention activities [12] similar to the others wastes that can be applied which 
included into a prevention strategy plan or zero waste strategy plan. Those activities according to 
several researches [12, 21, 22] includes among others (1) awareness event focuses in specific target 
groups like, primary and secondary schools local authorities, pharmacies, doctors union etc; (ii) 
specific guidance's focuses on how people must treat their pharmaceutical wastes, into several 
economic sectors. For example in household level the collection of those wastes and returned them 
to the pharmacies or to the doctors or to the hospital could be one option. Also as hospitality 
industry plays significant rule in the waste production in all level (often pay little attention to their 
environmental responsibilities) could guide their customers to collect in separated bin their personal 
pharmaceutical waste than to reduce them into the sewage. Moreover, in each visit to any of the 
health care sector could be informed with a specific leaflet, indicated the best available practices 
that exist. Hence, pharmaceutical industries could established collection system of unused drugs, as 
well as to offer to consumer-patients fewer options for non-prescription drugs and to offer packages 
with less amounts of drugs and also to introduced instructions on packages for the most 
environmental disposal methods. Pharmacist must also, cooperated with Local Authorities for the 
establishment of a collection schemes regarding the expired and unused drugs. 


4. CONCLUSION 


Most of the participants regardless of gender, age and educational level seem to agree with the view 
that health sector can play a key role in the rational use of medicines. This research highlights the 
problems that exist in Cyprus regarding the common practices that are used concerning the 
pharmaceutical waste. Through this research is indicated that the awareness of the consequences of 
environmental pollution from the residues of drugs/medicines is related with various demographic 
and social factors. Furthermore, the investigation showed that there is a positive intention by the 
citizens for participation in a drugtake-back program suitable for the safe environmentally 
management of household pharmaceutical waste. On the contrary the results also showed that there 
is no corresponding positive intention from the participants to contribute financially for the 
operation of such a system. Also, there are several methods that can be used to solve the problem of 
the disposal of unused medicines, and patient education is considered to be the most important one. 
Patient education should include adequate drug information for patients to safely and effectively use 
the medication and prevent the waste of medical resources. 
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Abstract 


In this study; moisture, ash and heating values of treatment sludge samples taken from wastewater 
treatment plant dewatering units of textile, dairy, vegetable and non-vegetable oil, glass and metal 
industries located in Thrace Region of Turkey, were measured and the best proper feeding sludge 
combinations, on the basis of significant parameters in terms of gasification yields were identified 
for a downdraft fluidised bed reactor running on a pilot scale plant. In addition, the same 
measurements were performed on the char and cyclone dust samples that occurred as a result of 
gasification process and energy yields of the combinations have been determined. According to 
sludge characterization results, after gasification, the char and cyclone dust samples were measured 
between 800-3500 kcalkg! and 500-900 kcalkg', respectively and it was understood that 
especially the char samples, having high heating values, can be re-processsed in this thermal 
process before disposal to landfill. Furthermore, it is observed that sludge combination, which has 
high calorific value and low ash ratio, had the highest energy efficiency compared to the other 
sludge combinations. So, if the proper sludge combination can be prepared, gasification process can 
be the best industrial sludge management method for this region both industrial sludge minimisation 
and energy recovery before landfill. 


Keywords: gasification; energy efficiency; industrial sludge; char and cyclone dust; thermal 
treatment 


1. INTRODUCTION 


Today waste disposal and energy obtained by the gasification technology has become an 
important issue. Gasifcation is a suitable technology because it reduces waste volume, removes 
toxic organic compounds and fixes heavy metals in the resultant solid. The gasification process 
converts any carbon containing material into a combustible gas (Syngas) composed primarily of 
carbon monoxide, hydrogen and methane, which can be used as a fuel to generate electricity and 
heat, and a little amount of these gases can be used to dry wet sewage sludge. Typical raw materials 
used in gasification are coal, biomass, agricultural wastes, sewage sludge, and petroleum based 
materials. The product gas from these materials is a mixture of non-condensable gases, such as CO, 
CO, and H2, and light hydrocarbons, such as CH4, C2H4, C2H6, C3Hg and C3H6. Their relative 
proportions depend on the pyrolysis reaction conditions, temperature, heating rate, fuel moisture 
content, particle size, composition of ambient atmosphere, pressure and vapor residence time [1-4]. 
Gasification is regarded as a prospective and promising method for rendering sewage sludge (an 
example of unconventional biomass) harmless [5-8]. Unfortunately, apart from the valuable gas fuel 
produced, the process results in solid and liquid waste by-products [9-11]. The solidification of 
mineral substances during gasification produces solid products, mostly ash, but also char coal in 
some cases [5,6]. The formation of the latter depends on the composition of nonflammable 
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inorganic substances in the sludge which considerably decreases the Debye characteristic 
temperatures of the ash [10]. Liquid products, i.e., tar, as a result of the condensation of the 
contaminants present in gas [11]. On the other hand, based on previous studies in the literature, 
water content (dry matter content) could affect gas yields, gas compositions, and char yields, among 
others, during biomass conversion in sub- and supercritical water. However, sewage sludge is 
different because of the complicated water forms contained, including free, interstitial, and surface 
and bound water [12]. Although the water content in sludge decreased after mechanical dewatering 
(lost most of free water), the water forms were unchanged, and the bound water content was 
enhanced in the dewatered sludge. There is a study has reported on the direct gasification of 
dewatered sludge in SCW (Super Critical Water) and investigated the effects of water content on 
the SCWG (Super Critical Water Gasification) of dewatered sludge. It is reported that it is difficult 
to fully identify the influence of water content on direct gasification of dewatered sludge via SCW 
since the reason is not clear; like the whole chemistry of sludge gasification in SCW, how water 
content affect the reactions, etc. [13]. Furthermore, under the ideal conditions, it is possible to 
obtained high quality syngas production which has a good calorific value adjusting the feeding 
material combination. Because, if suitable sludge combination cannot be determined and fed to the 
reactor and also not be provided the optimum operation conditions (such as temperature, moisture, 
etc.), expected energy conversion cannot be obtained. So, one could state that the optimum targets 
of sewage sludge gasification is the production of a clean-combustible gas at high efficiency [14]. 
Compared to the conventional gasification process of wastes for electricity production, integrated 
gasification fuel cell systems seem to be preferable. An electrical efficiency of 3096 can be thus 
effectively attained [15]. Researchers have investigated the hydrogen production potential from 
sewage sludge, by applying the downdraft gasification technique. In this case dewatering or drying 
prior to gasification neither is nor needed since wet sewage sludge provides the steam to the 
process. Sludge can be considered as one of the most promising gasification feedstocks for 
hydrogen production worldwide [16]. Syngas production during gasification process commonly 
used to produce electricity at mostly industrial scale. Judexet al. [17] analyzed two pilot plants 
based in Germany (Balingenand Mannheim) which were fueled by sewage sludge, and reported 
typical gas data for the mentioned plants. Each plant had produced gas with a calorific value of 765 
kcal.m^ and 1123 kcal.m? respectively. The authors reported that gasification was conducted 
successfully in fluidized bed and gas cleaning using granular bedfilter. Moltó et al. [18] investigated 
gasification and pyrolysis of physico-chemical (PC) and a biological (BIO) sludge. Ouadi et al. [19] 
investigated gasification of pre-conditioned rejects and de-inking sludge mixtures with wood chips 
in a fixed bed gasifier. The researchers obtained a gas with a composition of 16.2496H», 23.34% 
CO, 5.21% CH, and having a higher heating value (1744 kcal.(m3) !). They reported that paper mill 
rejects can be gasified in a fixed bed downdraft gasifier. Nipattummakul et al. [20] reported that, 
following fuel reforming with steam gasification, wastewater sludge can be a good source of fuel. 

So, the aim of this study is to determine the best proper feeding combinations for a down draft 
fludised bed gasification pilot scale reactor processing hazardous/non-hazardous industrial sludges 
taken from dewatering unit of wastewater treatment plants of textile, dairy, vegetable and non- 
vegetable oil, glass and metal industries located in Thrace Region of Turkey. Moisture, ash and 
heating value contents were determined for sludge samples, char and cyclone dust samples that 
occurred as a result of gasification process. Then energy yields of the determined each 
combinations were calculated and as a result, the effect of the combination on the energy efficiency 
were assessed. 
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2. MATERIALS AND METHODS 


2.1. Material 

This study was carried out in the Tekirdag province of Thrace region where the industrilisation is 
intense with approximately 1284 industrial enterprises. In this context, industrial sewage sludges, 
occured from industries working in the field of Textile, Dairy, Vegetable and Non-vegetable oil, 
Galss and Metal sectors in Corlu-Cerkezkóy- Muratli and Malkara districts, were used as a main 
material. Experimental studies were run at a pilot scale downdraft gasification reactor, which have 
1 ton.h gasification capacity and established in the gasification plant located in istanbul - 
Kemerburgaz. The schematic view is illustrated in Figure 1. 
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Figure 1. A schematic view of gasification plant worked in this study. 


2.2. Method 


2.2.1. Characterisation of the sewage sludge samples 

In this study; gasification efficiency of hazardous-nonhazardous industrial sewage sludge consisting 
of different combination were evaluated on the base of both quantity and quality characterisation of 
char and cyclone dust occured as a solid waste during the gasification reactions . Samples were 
collected from three different wastewater treatment plant dewatering units working at every sectors 
mentioned above and then homogenized by grinding. Heating value, moisture and ash anlaysis were 
done according to the ASTM (American Society for Testing and Materials) standards in the context 
of characterisation studies. Determination of moisture, ash and heating value were done according 
to the ASTM D-3173 [21], TS EN 932-1 (ASTM D3174 - 04(2010)) [22] and ASTM D 5468-95 
[23], respectively. 


2.2.2. Determination of the sewage sludge combination 

The reason for the determination of waste combination for gasification system is to enhance the 
heating value of waste having both low heating value and also high ash content before feeding to 
the reactor to obtain high energy. Ash content and calorific value are among the most important 
parameters showing the efficiency of the gasification system. If waste fed to the gasification reactor 
contains high organic and less inorganic material, the residue as ash content formed after the 
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reactions will be less. So, practically, for high energy recovery, it is targeted that to obtain less ash 

but high syngas production. From this point of view, the feeding sludge combination were decided 

considering the ash content and heating value of industrial sewage sludges for the maximum energy 

that can be obtained. According to this approach and pre-study results, 4 different sludge 

combination were described as follows; 

1) First combination: sewage sludges having high heating value, 

2) Second combination: sewage sludges having low heating value and high ash content to identify 
the lowest gasification efficiency, 

3) Third combination: sewage sludges having average heating value to identify the average 
energy efficiency, 

4) Fourth combination: the mixture of all sewage sludges occurred from 5 different sectors 
without considering the heating value and ash content, 


2.2.3. Measurement of char and cyclone dust 

Char waste, occurred from the gasification of different sewage sludge combination fed to the 
reactor, was taken from under the gasification reactor after standing to cool it. Cyclone dusts 
captured in cyclone filters where through passed the syngas were also taken from the outlet of filter. 
500 gr samples were collected in a small standard nylon bag and analysed without pretreatment for 
characterisation on the base of ash content and heating value. These values were used for 
calculation of energy efficiency and then examined sewage sludge combination were evaluated in 
terms of gasification efficiency. 


2.2.4. Energy efficiency calculation of gasification reactor 

The approximate efficiency of gasification reactor can be calculated from using pre-determined 
heating values char and cyclone dusts and considering the energy balance for gasification reactors 
as follows [24]; 


W waste = Hwaste= Wehar S Hcnar + Weyclone dust d Hcycone dust + Horae Syngas 


Wwaste = The amount of waste per hour (kg) Hwaste = Heating value of waste fed to the reactor (kcal/kg) 
Weng = The amount of Char taken per hour (kg) H char = Heating value of char (kcal/kg) 
WCycione asc The amount of cyclone dust per hour (kg) Heyectone dust= Heating value of char (kcal/kg) 


H rude syngas= Heating value of crude syngas (kcal/kg) 
Furthermore, energy recovery efficiency (ñ) was calculated by the following equation [25]; 


Energy Efficiency (}) (%)= [( Heating value of produced crude syngas)/ (Energy inlet of gasification reactor)]* 100 


3. RESULTS AND DISCUSSION 


3.1. Sectoral based characterization results of sewage sludges 

Table 1 shows the typical characteristics of the sewage sludge samples taken from wastewater 
treatment plant dewatering units of textile, dairy, vegetable and non-vegetable oil, glass and metal 
industries researched in this study. By the way, moisture, ash content and heating values (before 
and after drying operation) of sewage sludge samples used to prepare sewage sludge combinations 
are summarized at Table 2. When these results are assessed in terms of gasification efficiency, it 
shown that except metal and glass industries, the other sludge samples were found suitable for 
gasification process in terms of both organic and inorganic contents by alone or mixture. On the 
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other hand, it seems to be that, if convenient mixture can be prepared, it is possible to gasify these 
all sludges with together after a suitable stabilization or drying operation. According to Table 1, 
before drying, although the highest average moisture value was measured approximately as 64% for 
dairy industry, the lowest value was measured as 4896 for metal industry. On the other hand, after 
drying, it was observed that all sludge samples had an average moisture values close to each. 
Furthermore, as expected, since the origin of metal and glass sewage sludges samples were 
chemical and inorganic, it was observed that they had high ash content (average 38% and 25% for 
metal and glass, respectively) and low heating value (average 1447 kcal.kg '-6 MJ.kg' for metal 
and 1316 kcal.kg !- 5,5 MI.kg for glass). On the contrary of this situation, it was identified that 
the vegetable and non-vegetable oil industrial sewage sludge had approximately two times higher 
heating value ( average 11622 kcal.kg'= 48 MJ.kg' for oil and average 5163 kcal.kg'= 21,6 
MJ.kg for dairy) and nearly the same ash content ( average 9,396 for oil and 9,596 for dairy) 
compared to dairy industrial sewage sludge. 


Table 1. Typical characteristics of the sewage sludge samples taken from different industries 


TEXTILE VEGETABLE/NON-VEGETABLE OIL DAIRY METAL GLASS 
VEGETABLE/ VEGETABLE) VEGETABLE/ 
NON- NON- NON- 
VEGETABLE VEGETABLE VEGETABLE 
ANALYSIS OL o2 OlL-3 GIASS-1_GIASS-2__GIASS-3 

ELUATE ANALYSIS 

Arsenic (As mg.t") <0,05 — 0,0009 0,002 0,015 0,037 <0,05] «0,0005 «0,0005 ^ «0,0005| «0,01 «0,0005  «0,01| «0,0005 «0,0005 «0,0005 
Barium (Ba mg.I") 0,37 001 <0,002| 0,063 0,054 «2| 0007 0,008 0,005 0,71 0,06 0| 0,0017 0,0021 0,0032 
Kadminyum (Cd mg.I") «0,05 «0,0005 — «0,008 <0,0006| <0,0006 0,015] <0,0005 — «0,0005  <0,0005| «0,00! <0,0005 0,031] 0,001 0,0023  — 0,0019 
Chromium (T-Cr mg.1) «0,05 0,004 0,34 «0,002 «0,002 0,053| «0,001 «0,001 «0,001| 0,017 «0,001 0,144] 0,029 0,036 0,041 
Copper (Cu mg.) «0,05 «0,01 «0,01 0,832 0,04 «02| «001 «0,01 <0,01] 0,008 «001 112| «001 — «001 «0,01 
Mercury(Hg mg.) <0,02 «0,0002 — «0,0005 0,003 0,008 «0,001| «0,0002 ^ «0,0002  <0,0002| «0,0001 «0,0002 <0,0008| «0,0002 «0,0002 ^ «0,0009 
Molybdenum (Mo mg.t') «0,05 0,002 ^ «0,001 0,005 0,018 <0,05] 0,023 0,016 0,019| «0,007 «0,001 ^ «0,007| «0,001 «0,001 «0,001 
Nickel (Ni mg.t") «0,05  <0,001 0,99 0,015 0,296 0,081] 0,002 0,004 0,001| «0,003 0,002 9,1] 0,004 0,004 0,036 
Lead (Pb mg.I") «0,05 «0,0005 ^ «0,001 «0,01 «0,01 <0,05] 0,037 0,049 0,031| «0,015 «0,0005 5,6| 0,0016 0,0006 0,0023 
Antimony (Sb mg.I) 0,068 — «0,005 — «0,003 «0,002 «0,002 <0,01] «0,005 «0,005 «0,005| «0,006 «0,005 0,022! 0014 0014 0,019 
[Selenium (Se mg.1") «0,05. «0,001 — «0,002 «0,002 «0,002 <0,01] «0,001 «0,001 «0,001| «001 «0,001 <0,01| «0,001! «0,001 «0,001 
Zinc(Zn mg.I") 0,177. «0,015 1,6 0,107 0,063 45 0,09 0,12 023| «0,000 0016 55| 0,065 0,065 0,098 
|Chloride (Cl- mg.I") 14 107,2 122 354 4793 349 61 39 69 201 65 2485 19 24 21 
Floride(F- mg.I") 0,475 14 29 «0,1 1,27 6,35 0,92 0,19 0,34 12 09 0,53 1,7 24 241 
'Suffate(SO,? mg.I) 111 437,5 11 458,8 263 184 46 57 35 12 851 1119 37 56 44 
Dissolved Organic Carbon (DOC, mg.I") 119 31 718 828 946 980 908 756 812 6 38 15 51 42 28,4 
Total Dissolved Solid (TDS, mg.I") 954 3075 9342] 1096 960 686] — 416 2457 2369 662 1508. 6318| 195 211 181 
Phenol index (mg.I") 0,226 <0,02 0,14 «0,002 «0,002 15| <0,03 «0,03 <0,03| 0,054 — 004 0,07| «008 «0,03 <0,03| 
ORIGINAL WASTE ANALYSIS 

Total Organic Carbon (%) 6,1 48 10,6 19,7 24,8 212 18,8 145 169 27 1,6 0,9 36 3,1 241 
BTEX (benzen, toluen, etilbenzen ve xylenes) (mg.kg ') «0,25 «04. «0,00 <2 <2 <0,25] «025 «0,25 «0,5| 0,062 «025  «-002| «025 «025 <0,25| 
PCBs (Total) (mg/kg) «0,1 «04 — «0,008 7 3,2 <0,1 <0,1 <0,1 <0,1| «0009 «01  <o,03| «0: «0,1 «0,1 
Mineral Oil (C10-C40) (mg.kg ") 1102 681 77 1356,9 1371,5 49521 835 920 1017 «95 — «100 «95 670 548 549 
LOI (%) 98 94 97 87 91 95 85 89 94 58 43 64 57 68 62 
pH 7,04 - J - - 4,05 8,6 8,9 8,5 893 6,64 2,96 9,81 8,17 8,67 
Moisture (96) 60,3 573 69| 61 69 54 58 78 75 47 32 57| 582 47 45,8 


Table 2. Moisture, ash and heating values of sewage sludge samples 


BEFORE DRYING AFTER DRYING 
High Heating 
INDUSTRY Moisture (%) Moisture (%) Ash (96) Value (HHV) 
(keal.kg”) 
Textile 54,3 14,8 1,5 3094 
Biological wastewater treatment sludge 51,6 13,9 1,4 2946 
(Activated sludge) 65,8 15,9 2,4 3999 
Vegetable and Non-Vegetable oil 58 16,1 11,2 11631 
Biological wastewater treatment sludge 67,4 17,2 9,7 13028 
(Activated sludge) 50,4 15,8 i" 10209 
Metal 45,4 15,4 38 2084 
Chemical wastewater treatment sludge oY 15,1 492 E 
62,8 18,1 30,3 802 
Dairy 44,3 15,3 13,6 7820 
Biological wastewater treatment sludge 75,8 18,9 10,3 3303 
(Activated sludge) 73,2 19,1 4,7 4366 
Glass 64,2 17,6 34,3 1656 
Chemical wastewater treatment sludge 51:4 14,8 a 1422 
52,6 14,1 19,2 802 
1 kcal=4,184 KJ, 1 MJ= 1000 kJ 
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Since there are no any literature related with this type of characterization determined for 
different industrial sewage sludge gasification, these values found in this study were the original. 
But, when these results were compared the results studied for miscellaneous sewage sludges in the 
literature, these values are meaningful according to the sludge origin and in terms of the magnitude 
of values [16, 26 , 27, 28, 29]. 


3.2. Characterization results of sewage sludges combinations fed to the gasification reactor 
Moisture, ash and heating value of sewage sludge combinations fed to the gasification reactor are 
given at Table 3. When these results are evaluated, moisture values of waste combinations fed to the 
reactor were found close to each other and suitable for the gasification process. Furthermore, while 
the highest heating value and the lowest ash content were measured at Combination 1, the lowest 
heating value and the highest ash content were measured for Combination 2, as expected. By the 
way, it was observed that considered Combination 3 and Combination 4 results showed the similiar 
character in terms of considered parameters. Consequently, low ash content was observed at sludge 
combination which has high heating value. But, because of the heterogeneous character of some 
combinations (Combination 3 and Combination 4), were studied, high ash content was observed at 
moderate heating value compared to Combination 2. Furthermore, heating values of feeding 
combinations were found consistent with those reported in the literature [24]. 


Table 3. Characterization of sewage sludge combinations fed to the gasification reactor 


Sludge Combination Mositure Ash HHV 
fed to the reactor (% wiw) |(96 ww/ww) | ( kcal.kg ) 


Combination 1 
(Textile 3+ Vegetable and Non-vegetable oil 2+Dairy 1 16:3 99 i 


Combination 2 14,9 22 2080 
(Textile 2+ Metal 1+Glass 2) 


Combination 3 
(Textile 1+ Metal 2+ Glass 1+ Dairy 2 + Vegetable 17 23 4120 
and Non-vegetable oil 1) 


Combination 4 
(Textile all+ Vegetable and Non-vegetable oil all+ Metal all 16,5 17,6 4510 
+ Dairy all + Glass all) 


3.3. Characterization results of char wastes and cyclone dust 

Determined sewage sludge combinations were fed to the downdraft gasification reactor and then 
occurred char waste under the reactor and cyclone dust taken from the outlet of cyclone filter were 
analysed to determine heating value and ash content. Measured values are summarized at Table 4. 
Cyclone dusts are the waste dust entrained by the crude syngas gas from the gasification reactor. It 
is expected that these dusts have minimum heating value. But, during the process, it is possible to 
see an occured dust form waste which does not undergo any thermal decomposition and entrained 
by the crude syngas to the outlet. According to the Table 4, ash content of char waste and cyclone 
dust occurred from all combinations were found around 80-90%. On the other hand, when the 
heating values were assessed, it is observed that the heating values for char waste are found in the 
range of 2300-3500 kcal.kg'! for all combination except Combination 2. The reason of it can be the 
dominant inorganic character of this combination because of intensive metal and glass sewage 
sludge content. Elif [24] found the heating values of char and cyclone dust samples 1500-2500 
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kcal.kg' and 600-1200 kcal.kg! for industrial waste having 3500-5500 kcal.kg! heating value in 
a downdraft gasification reactor. So, results obtained in this study were found compatible with the 
literature too. Furthermore, the highest ash content and heating value were obtained for char waste 
at the gasification of Combination 1. On the other hand, when ash content and heating value of 
cyclone dust occurred from all combination are assessed, while the highest ash content determined 
for cyclone dust was obtained at Combination 3, the highest (but three times lower than char waste) 
heating value was obtained at Combination 1. This results show that there are no any waste in dust 
form that not undergo any thermal decomposition during the gasification reactions since the heating 
value of samples were low and ash contents were high. But on the contrary this, char waste 
characteristics show that it can be reprocessed in gasification or any thermal process before 
disposal to landfill since it has still a valuable calorific value as well as sewage sludge. 


3.4. Gasification efficiency 

Efficiency of gasification reactor is expressed as the amount of recovered syngas from the waste fed 
to the reactor as an energy input. In this study, as reported in the literature [24], gasification reactor 
efficacy was calculated considering the energy balance for gasification reactors. In this calculation, 
heating values of char and cyclone dusts determined in this study were used and supposed that all 
energy outputs except char and cyclone dust were found in syngas. Gasification efficiency of 
sewage sludge combinations fed to the reactor were given at Table 5. Averagely, 1 000 m? crude 
syngas production per hour was assumed at his calculation. 


Table 4. Characterization results of char wastes and cyclone dust 


CHAR WASTE CYCLONE DUST 
Sludge Char Ash HHV Cyclone Ash HHV 
PORT amount amount dust 
APIS Combination fed to the under the amount 
ed to the reactor 
reactor reactor 
(kg.day”) (kg.day”) (96 wwlww) (kg.kg") | (kg.day') | (96 ww/ww) (kg.kg) 

Combination 1 
(Textile 3+ Vegetable and 7 000 500 88 3509 20 75 1107 
Non-vegetable oil 24 Dairy 1 
Combination 2 
(Textile 2+ Metal 1+Glass 2) 6 780 500 76 834 20 73 1017 
Combination 3 
(Textile 1+ Metal 2+ Glass 1+ 5 200 420 73 2486 20 88 610 
Dairy 2 + Vegetable and Non- 
vegetable oil 1) 


Combination 4 


(Textile all- Vegetable and 
Non-vegetable oil all+ Metal 
all + Dairy all + Glass all) 


5 850 475 78 2373 20 82 884 


Table 5. Gasification efficiency of sewage sludge combinations fed to the reactor 


Input carina Heating value Heating value 
Sludge Combination p of ouput of output crude Output crude syngas Efficiency 
energy Output z-i 
fed to the reactor cyclone dust syngas (kcal.(m^) ) (90) 
(kcal) Char (kcal) (kcal) 
(kcal) 
Combination 1 2.382.916,67 73.100 922,50 2.308.894,17 2.308,9 97 
Combination 2 587.600,00 17.370,83 847,50 1.384.798 1.384,8 94 
Combination 3 892.666,67 43.496,25 508,30 918.888,2 918,88 95 
Combination 4 1.099.312,5 46.965,63 736,42 1.152.062 1.152,06 96 
13" International Conference on Protection and Restoration of the Environment 397 


Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 
C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 


ISBN: 


978-960-6865-94-7 


It is aimed from the gasification process to separate the organic components, found in the waste, 
with crude syngas in a minimum loss. But, although the quality of obtained syngas is not equal to 
the natural gas, since it has a specific heating value, it will provide more advantage in terms of 
efficiency. At normal condition, the heating value of syngas is expected between 1000-2600 
kcal.(m^)' [30]. So, generally it is accepted that the reactors are very efficient at the conditions 
provided both over 1000 kcal.(m^)' heating value and lowest energy losses in terms of char and 
cyclone dust. From this point of view, Table 5 shows that gasification efficiency of sewage sludge 
combinations fed to the reactor ranged between 94-97 %. While the highest energy efficiency was 
obtained at Combination 1, the lowest efficiency was observed at Combination 2 as expected. But, 
when the magnitude of them was assessed, it can be said that there is no a significant difference 
between them. 


4. CONCLUSIONS 


This research indicates that; sectoral based characterization results of sewage sludges researched in 
this study showed that all sludges can be determined as hazardous except metal and glass in terms 
of landfill criteria accepted in both EU and Turkey legislation. The heating values of sewage 
sludges samples researched in this study were measured between 800-13.000 kcal.kg. Sewage 
sludges combinations determined in this study showed a suitable character for the gasification 
process in terms of both moisture, ash content and heating value. Ash content of char waste and 
cyclone dust occurred from all combinations were found around 80-9096. Heating values for char 
waste are found in the range of 2300-3500 kcal.kg ' for all combination except Combination 2. The 
reason of it can be the dominant inorganic character of this combination because of intensive metal 
and glass sewage sludge content. Char waste characteristics show that it can be reprocessed in 
gasification or any thermal process before disposal to landfill since it has still a valuable calorific 
value as well as dried raw sewage sludge. Gasification efficiency of sewage sludge combinations 
fed to the reactor ranged between 94-9796. So, results obtained in this study were found compatible 
with the literature too. Furthermore, it is observed that sludge combination, which has high calorific 
value and low ash ratio, had the highest energy efficiency compared to the other sludge 
combinations. So, it is consider that both hazardous and non- hazardous treatment sludges occurred 
from miscellaneous industries located in this region, if the proper sludge combination can be 
prepared, gasification process can be the best industrial sludge management method for this region 
both industrial sludge minimisation and energy recovery before landfill. 
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Abstract 


Long-term and very serious world problem is solid waste production which also arises in water 
management through silting of reservoirs with sediments. After dredging sediments can be 
disposed, but managers try to find environmentally friendly solutions. Considering sediments 
perpetual availability, particle size and chemical composition, they are regarded as a suitable raw 
material in construction industry. 

The objective of this research is to find new paths of management of the material dredged from 
the small reservoir Klusov (Slovakia). Focus is made on the possibility of a recycling method, which 
consists of the reuse of sediments as an alternative raw material in concrete production. Sediments are 
used as a partial substitute of natural aggregate (fraction 0/4 mm) and as a partial cement replacement 
in concrete. The effects of the sediment addition on the concrete technological properties (flexural 
strength and freeze-thaw resistance) are determined. Concrete specimens were pressed and cured for 
28, 90 and 365 days and subjected to 50 cycles of freeze-thaw testing after 365 days. 

The flexural strengths of concrete specimen prepared as a natural aggregate replacement were 
higher when compared with the reference mixture at all ages of hardening. Flexural strengths of the 
sample prepared as a cement replacement were slightly lower as the reference mixture and it was 
about 4.0 MPa after 90 days of curing. The results of the frost resistance coefficient and the weight 
loss after 50 cycles of freeze-thaw show that tested concrete specimens meet the standard 
requirements for frost resistant concrete class XF2. 


Keywords: sediments; reuse; flexural strength; freeze-thaw resistance 


1. INTRODUCTION 


Most reservoirs in the world, from small through medium to large capacity, are subject to siltation 
problems to some degree. Sediments reduce the storage capacity of the world's reservoirs by more 
than 1 % per year and the useful lifetime of the reservoirs to only 22 years on average [1]. 
Therefore, accumulated sediment should be periodically removed in order to maintain the 
effectiveness of these structures [2]. However, the management of dredged sediments is a 
significant issue in the world. Several assessments demonstrated that the total amount of sediment 
dredged in Europe reaches 100-200 million cubic meters per year [3]. Water management 
organizations solves the problems with the managing of all dredged materials. These materials can 
be disposed, but managers try to find environmentally friendly solutions for dredged sediments 
[4.5]. With the shortage in some region of the world of natural resources in many engineering 
fields, the beneficial reuse of sediments can optimize the management of the natural resources. In 
this order, the valorization of dredged materials as a resource constitutes a technical and economical 
challenge [6]. Dredged material can constitute a new source of materials in building construction 
and it can be utilized as a minor or major component in construction industry [7-10]. 
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This study is focused on the possibilities of dredged sediments minimization by their reusing in 
concrete. 


2. MATERIALS AND METHODS 


2.1 Sediment characterization 

Reservoir sediments were collected from the Klusov small water reservoir, situated in the 
agricultural watershed in Eastern Slovakia. The composite sediment samples were taken from the 
drained reservoir from two sites: near the dam due to deposition of the fine-grained particles smaller 
than 63 um and at inflow to the reservoir because of sedimentation of coarse-grained particles. In 
laboratory conditions, the composite samples were air dried at room temperature, any coarse lumps 
were crushed and samples were homogenized. 

Particle size distribution of sediment samples were conducted through a combination of dry 
sieve method and laser diffraction method. Coarse-grained sediment sample was analysed by 
passing the dry composite sediment sample through a standard series of sieves with mesh sizes from 
4 mm to 0.125 mm. Undersize particles were analysed by laser diffractometry using a Mastersizer 
2000 (Malvern Instruments, UK) with a Hydro 2000S wet dispersion unit. Fine-grained sediment 
sample was analysed using the same equipment. Measurement parameters were: pump speed - 
2,800 rpm; ultrasonic - turned on for 5 min after sample addition. 

Crystalline minerals present in the sediments were identified by X-ray diffraction (XRD) 
analysis with diffractometer Bruker D2 Phaser (Bruker AXS, GmbH, Germany) in Bragg-Brentano 
geometry (configuration Theta-2Theta), using the 1.54060 A CuKa radiation, Ni Kf) filters and 
scintillation detector at a voltage of 30 kV and10 mA current. Scan conditions were: recording 
times about 2 h, a step size of 0.04? (20) and step time of 3 s. The XRD patterns were processed 
using the software Diffrac. EVA v. 2.1. The ICDD PDF database (ICDD PDF - 2 Release 2009) 
was utilized for the phase identification. 

The chemical composition of the sediments (oxide analysis) was determined by X-ray 
fluorescence method using SPECTRO iQ II (Ametek, Germany) with SDD silicon drift detector 
with resolution of 145 eV at 10,000 pulses. 


2.2 Partial sediment addition in concrete 
In this work, a case study is presented in order to find the solution to minimize reservoir sediments 
using their addition in the concrete production. The coarse-grained sediments were used as a partial 
substitute of natural aggregate (fraction 0/4 mm) and fine-grained sediments were used as a partial 
cement replacement in concrete production. 

Portland cement (CEM I 42.5 N) and two different fractions of natural aggregate (0/4 mm and 
4/8 mm) were used as other raw materials for preparing the concrete mixtures. Natural aggregate 
was evaluated according to the Slovakian standard STN EN 12 620 (2008). 

The concrete specimen composition was designed according to STN EN 206-1 (2002) for 
strength class C 25/30. Water-to-cement ratio of 0.5 was used and no plasticizer was added. 

Three concrete mixtures were prepared. Control concrete mixture (MO) was prepared by 
mixing cement (CEM I 42.5 N), natural aggregate (0/4 mm and 4/8 mm) and water at solid/liquid 
ratio of 0.5. The second mixture (M1) was prepared using 40:60 proportions of fine-grained 
sediment and Portland cement. To study the partial natural aggregate replacement by coarse-grained 
sediments in concrete (20 wt. 96 of 0/4 mm sediment fraction), another mixture (M2) was prepared. 

Concrete specimens were hardened for 28, 90 and 365 days, than they were tested for flexural 
strengths using a strength testing machine ELE 2000 (ELE International Ltd, GB) and were loaded 
until failure. After 365 days of hardening, the resistance of the blended concrete specimens to 
freeze-thaw attack was verified by laboratory tests using CDF/CIF freeze-thaw tester (Schleibinger 
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Geräte, Germany). The concrete samples were subjected to 50 cycles of freezing and thawing 
according to the procedure as described in the Slovak Standard STN EN 73 1322 [11]. Specimens 
were immersed completely in the freezing medium in a special container. In the freeze-thaw test, 
concrete specimens were cyclically frozen in range from 20 °C to -20 °C over the course of 12 h (1 
cycle). 


3. RESULTS AND DISCUSSION 


The particle size distribution of sediments, characterized by grading curves, is presented in Figure 
1. The results indicate that the clay/silt fraction dominate in fine-grained sediment sample, used as a 
partial cement replacement in concrete, with more than 95 46 proportion of particle size below 
0.063 mm. Coarse-grained sediment sample, used as a replacement of 0/4 fine aggregate fraction in 
concrete, contains about 50 96 of sand and gravel particles. 
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Figure 1. Particle size distribution measured for fine and coarse-grained sediments 


The X-ray diffractogram of the sediments demonstrates that quartz peaks are dominant and 
remarkably visible, followed by muscovite peaks, what confirmed the presence of silicates. 

The chemical composition of the sediments obtained from XRF analysis (Table 1) reveals that 
SiO» and Al20; predominantly compose the sediment samples. Toxic compounds were not recorded 
in investigated sediments. Other main ingredients of fine-grained sediment are Fe203, K;/O, MgO 
and CaO that are important in Portland cement manufacture. 

In order to find out the feasibility of manufactured blended concrete mixtures using the 
sediments, a total of three concrete mixtures were subjected to flexural strength after 28, 90 and 365 
days of hardening and 50 cycles of freezing and thawing after 365 days of curing. The results of this 
testing are given in Table 2. The value of flexural strength is the average of three concrete prisms 
for each mixture at testing age. Figure 2 illustrates the flexural strengths development after 28, 90 
and 365 days of curing. 

To evaluate the frost resistance of concrete mixtures, coefficient of the frost resistance and 
weight loss were determined. According to STN EN 73 1322 if the coefficient of the frost resistance 
is higher than 0.85 for given number of cycles and the weight loss during testing is less than 5 96, 
concrete is considered as frost resistant. 
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Table 1. Chemical composition of the sediments 


wt. % fine-grained sediment 
SiO; 68.56 
ALO; 18.01 
Fe,03 5.15 
MgO 2.40 
K,0 2.95 
CaO 1.10 
TiO, 1.12 
MnO 0.09 
P20; 0.26 
SO; 0.11 
CI 0.03 


coarse-grained sediment 


49.66 
5.39 
1.51 
1.06 
0.68 
0.57 
0.20 
0.03 
0.11 
0.05 
0.01 


Table 2. The flexural strengths of composites after 28, 90 365 days of curing and the coefficient of 


the frost resistance C, and the weight loss A W, after 50 cycles of freeze-thaw testing 


Mix number 


Flexural strength pk 
(MPa) 90 days 
365 days 
Freeze-thaw testing C; 
after 365 days AW, (96) 
7,00 
6,00 
5,00 
£ 
= 400 
E 
© 3,00 
D 
® 200 
s 
2 
X 1,00 
[TE 
0,00 
28 days 


m MO - control 


MO-control 


4.93 
4.95 
4.43 
1.03 
1.62 


90 days 


M1 
4.45 
4.51 
4.08 
0.85 
2.50 


365 days 


OM1 - Sediment 40 % as cement 


M2 - Sediment 20 % as aggregate 


Figure 2. The flexural strength development of concrete specimens 


M2 
5.41 
5.88 
6.59 
0.86 
1.33 
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The development of flexural strengths in the sample M1 (Figure 2), wherein the sediment was 
used as a 40 percent cement replacement, followed the trend of flexural strength achieved in the 
control sample. However, the observed flexural strengths were lower and reached the strengths in 
the range of 4.08 - 4.51 MPa. The first 90 days of curing, the strength increased, after a year the 
samples expressed lower strengths. 

The opposite progress occurred in the sample M2, where sediment was used as a 20% 
aggregate replacement. With increasing curing time, the strengths were increased, and after a year, 
mixture was reaching values at 6.59 MPa. 

Results after 50 freeze-thaw cycles indicate, that tested concrete specimens have reached the 
values of the frost resistance coefficient equal or higher than 0.85, even control concrete composite 
MO obtained this value of 1.03. This may mean that the process of concrete hydration continued 
during the freeze-thaw test. The weight loss values after 50 cycles of freeze-thaw testing were in 
range from 1.33 % (mixture composed of the 20 wt. % of 0/4 natural aggregate replacement by 
coarse-grained sediments in concrete) to 2.5 % in mixture prepared at a 40:60 fine-grained 
sediment/cement weight ratio. We can state, that the standard's requirement of maximum 5 % 
weight loss was satisfied. The results of the frost resistance coefficient and the weight loss after 50 
cycles of freeze-thaw show that tested concrete specimens meet the standard requirements for frost 
resistant concrete class XF2. 


4. CONCLUSIONS 


This work presents a case study in order to find the solution to minimize reservoir sediments 
dredged from the Klusov small water (Slovakia) by their addition in the concrete. Sediments were 
used as a partial substitute of natural aggregate (fraction 0/4 mm) and as a partial cement 
replacement in concrete. The flexural strength results showed that specimens containing fine- 
grained sediment as a 40 % cement replacement achieved the values 8 % lower compared to control 
mixture after 365 days of hardening. The flexural strength results reveals that the substitution of 
natural aggregate by the coarse-grain sediment in the concrete is feasible and reach the values 49 96 
higher comparing to control mixture after 365 days of curing. In this case, longer curing time had a 
positive impact on the flexural strength. The results of the frost resistance coefficient and the weight 
loss after 50 cycles of freeze-thaw show that tested concrete specimens meet the standard 
requirements for frost resistant concrete class XF2. For wider use of fine-grained sediment in 
concrete production, the dredged material mineralogy need to be modified by ingredients improving 
its pozzolanic properties. 
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Abstract 


The lability of As(V) in amended mine soils was investigated as functions of incubation period, 
amendment dose, and application timing. Mine soils contaminated with 26-209 mg kg’ of As(V) 
were treated with two amending materials (mine discharge sludge (MS) and steel-making slag (SS)) 
and were incubated for a 6-month period. After each designated time, As(V) was fractionized by 
five sequential extraction steps (F1-F5). Over the 6-month period, the fraction of As(V) was 
characterized by a reduction (26.9-70.4%) of the two labile fractions (F1 and F2) and a subsequent 
increase (7.4-29.9%) of F3 (17=0.956). Two recalcitrant fractions (F4 and F5) remained unchanged. 
Temporal change of As(V) lability was well described by two-domain model (kfast, kslow, and 
Ffast). The immobilization (%) was well correlated with the fast-immobilization domain (Ffast, 
120.806), but poorly with the kinetic rate constants (kfast and kslow). As expected, the initial 
2.5%-MS addition resulted in lower efficacy than the initial 5% addition, but second 2.5%-MS 
addition after the lapse of 3-month led to a dramatic (>30%) decrease of labile As(V). The As(V) 
immobilization (96) by iron-rich materials is essentially governed by the presence of clay, Fe- 
oxides, kinetically labile As(V) in contaminated soils. However, the mass ratio of labile As(V) 
/amendment and the timing of amendment addition should also be considered to enhance the 
stabilization efficacy. 


Keywords: immobilization; labile fraction; abandoned mine soils; As(V) 


1. INTRODUCTION 


Immobilization techniques have been successfully used for many metallic element remediation site, 
in which amendments are applied to reduce chemical lability of metallic elements in contaminated 
soils. In most previous studies, the amendment efficacy was determined by measuring the reduced 
mass of labile fraction after a single designated incubation time. The stabilization efficacy is varied 
with amendment application rates since stoichiometric ratio between labile form and amending 
materials is essentially different. In addition, the incubation period required to attain steady state 
stabilization varies with amendment dose. Although it is apparent that the amending methods 
(amendment dose, timing, and aging period) can affect the stabilization efficacy, the change of 
labile fraction under different amending conditions has not been well understood. Therefore, the 
objectives of this study were to collect As(V) fractionation data from Fe oxide-rich material treated 
mine soils as a function of ageing period and to evaluate soil factors that determine the kinetic rate 
and efficiency of As(V) immobilization. The effects of amendment dose and addition timing were 
also investigated. 
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2. MATERIALS AND METHODS 


Six subsurface soils (S1, S2, S3, MI, M2, and M3; three soils from S and M mines, respectively) 
were obtained from two abandoned mine sites. Two industrial byproducts, coal mine discharge 
sludge (MS) and steel making furnace slag (SS), were used for iron-rich amendments. 

Five g of amendments (MS and SS) was added to 100 g of the six mine soils (S1, S2, S3, MI, 
M2, and M3). The amended samples were incubated at 25 + 2°C over 6-month. All sample pots were 
triplicates. For S2 and M2 soils, the effect of amendment dose and timing on the immobilization of 
As(V) was further assessed. Total 5 g of MS addition was split into two discrete times. The first 2.5 
g was added at the beginning then the second 2.5 g was added after the lapse of 3-month. The 
sequential extraction procedure proposed by Wenzel et al. (2001) was used for As(V) fractionation. 


3. RESULTS AND DISCUSSION 


3.1. Characterization of As-contaminated mine soils and the amendments 

As(V) concentration of the six mine soils highly exceeded the regulatory level (i.e., 25 mg kg ') in 
Korea. The fractionation results showed that the quantities of the five fractions were in the order of 
F3 > F4 > F2 = F5 >> Fl. The pH values of the MS and SS were slightly alkaline (pH > 8) due to 
the lime material addition during their formation. 


3.2. Fractional change of As(V) in the amended samples 

A reduction of the two labile fractions (F1 and F2) was apparent, whereas F3 fraction increased 
slightly. Note that the most abundant As(V) fraction over the 6-month was consistently the F3, 
which accounted for 36—54.896 of total As(V) mass. In contrast, the change of As(V) mass in both 
the crystalline oxide bound (F4) and the residual fraction (F5) was insignificant (p < 0.01) under the 
conditions of this study. 

The proportion of the nonspecifically adsorbed fraction (F1) decreased markedly in all 
amended samples within the first 2 months followed by a slower decrease with incubation time, 
indicating a biphasic decay pattern. 33-80% of initial Fl and 26-70% of initial F2 were reduced 
after the 6-month (Table 1). Depletion of the As(V) mass in quickly immobilizing labile fractions 
(e.g., Fl an F2) followed by time-limited transformation to more recalcitrant fractions (e.g., F4 and 
F5) could be one important reason for a biphasic immobilization pattern. 

The temporal change of labile As(V) concentration was well fitted with the two-domain first- 
order kinetic model (P > 0.95, Table 1). In general, the kg, and Fr measured for the MS-amended 
samples were greater than those for the SS-amended samples. In all cases, the magnitude of Kg 
was always > 1.5-order greater than that of kgjow, and the Fr values were 0.149—0.710, both of 
which are indicating kinetically limited immobilization in the amended mine soils. Interestingly, 
temporal change of individual F1 and F2 was also respectively well fitted with the two-domain 
model. In general, both kr and Fras: of the F1 fraction were no less than those in the F2 fraction, 
whereas ksiow showed no trend among samples. The kg of the MS-amended samples was greater 
than that of the SS-amended samples. 


3.3. Dose and timing of amendment application 

The effect of amendment dose and timing of addition on immobilization was further assessed in two 
MS-amended samples (e.g., S2 and M2) whose As(V) contamination levels are about mid-range 
among six mine soils. For two samples, the initial 5% addition was compared with the initial 2.5% 
and second 2.5% addition at third month. As shown in Fig. 1, the lability reduction was less for the 
initial 2.5% addition than that of the 5% addition until 3-month as expected from lower As(V)/ 
amendment mass ratio of the former. However, labile As(V) concentrations decreased dramatically 
(>30%, white circles in Fig. 1) upon adding the second 2.5%-MS, and was slightly lower than the 
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result for the 596 addition (black circles in Fig. 1). In comparison with the initial 2.596 addition, im- 
mobilization (26) per unit mass of amendment approximately doubled for the second 2.5% addition; 
from 5.2 to 12.8 and from 7.8 to 15.0 for the S2 and M2 samples, respectively. The observation 
indicates that second 2.5% amendment showed higher of As(V) immobilization efficacy compared 
with initial 2.5% amendment. The reduced quantity of labile As(V) to react with the freshly added 
2.5% amendment at the time of the second addition appeared to enhance the performance. 


Table 1. Kinetic parameters? for temporal change of As(V) concentration in labile fraction for 
amendment-treated mine soils over the 6-month experimental period. 


Change of Labile As(V) Concentration in Amended Sample 
Soil Amendment? | Kas kaow Fa 2e Immobilization 
(month )) * (month ) * (unitless) * f (%) f 
s1 MS 0.971 (0.230) 0.036 (0.060) 0.326 (0.059) 0.952 44.2 (6.5) 
SS 0.558 (0.140) =0 0.327 (0.102) 0.948 30.2 (5.2) 
S2 MS 1.022 (0.148) =0 0.558 (0.049) 0.998 55.0 (8.2) 
SS 1.388 (0.501) 0.024 (0.009) 0.149 (0.038) 0.988 24.4 (4.2) 
S3 MS 1.262 (0.148) 0.007 (0.015) 0.566 (0.034) 0.998 57.7 (5.1) 
SS 1.665 (0.029) 0.035 (0.001) 0.405 (0.003) 1.00 50.0 (3.2) 
MI MS 1.343 (0.264) 0.048 (0.019) 0.397 (0.058) 0.995 52.7 (3.5) 
SS 0.967 (0.314) EU 0.434 (0.175) 0.954 42.1 (5.1) 
M2 MS 0.862 (0.168) ~0 0.710 (0.096) 0.996 69.3 (7.2) 
SS 1.090 (0.014) 0.001 (0.001) 0.343 (0.003) 1.00 34.2 (6.2) 
M3 MS 1.484 (0.151) EU 0.584 (0.026) 0.999 58.0 (3.5) 
SS 0.626 (0.132) EU 0.385 (0.071) 0.998 36.4 (2.1) 


e 


Result of the two-domain first-order decay model fit. 

The MS and SS denotes mine discharge sludge and steel making slag, respectively. 

The k«4 and ken. denote the immobilization rate constant for fast-immobilizing and slow-immobilizing 
domains, respectively. Values in parentheses are standard errors of the fitted value. The sign “20” 
indicates a kgow value < 1 x 10°). 

The fraction of As(V) present in the fast-immobilizing domain. 

The goodness of the model fit. 

The percent of reduced labile As(V) mass after the 6-month incubation relative to the initial values. 
Standard deviation of average immobilization (%) is shown in the parentheses. 
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Figure 1. Change of labile As(V) concentrations from the S2 and M2 samples over the 6-month experimen- 


tal period in the different amendment doses and the timing of addition. The white circle denotes 
data for initial 5%-MS addition, whereas the black circle denotes data for initial 2.5%-MS addit- 
ion followed by second 2.5%-MS addition after the lapse of 3-month. 
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4. CONCLUSION 


The results of this study indicate that the degree of As(V) immobilization is essentially determined by 
the abundance of clay and amorphous and crystalline Fe/AI oxides available to react with labile As(V) 
in solid phase. However, these data are insufficient to account for the variation in the immobilization 
rate (kg; and Ksow) among the different soils. All As(V) present in the labile fractions was not 
simultaneously available for immobilization. Limited accessibility of labile As(V) to the amendment 
materials (or vice versa) could lead to kinetic variability in the immobilization reaction. In addition, 
immobilization (96) did not increase linearly with amendment dose; thus, enhanced immobilization 
can be further attained by adjusting the dose and timing of amendment application. The 
immobilization method should be designed to build up the soil's capacity (e.g., the pool of F3) to 
sufficiently accommodate immobilized As(V) to ensure its stability attained by amendment 
treatments. 
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Abstract 


Non-thermal microhollow cathode discharge in close water surface can generate acidified plasma- 
activated water (PAW). The antibacterial activity of PAW against Escherichia coli show that PAW 
can effectively inactivate bacteria. From the experimental results, Escherichia coli were completely 
inactivated after 30 minutes of exposure to PAW, and more than 99% of Staphylococcus aureus 
within biofilm were inactivated after 3 hours of contact to PAW. Inductivity Couple Plasma Optical 
Emission Spectrometry and antibacterial/anti-biofilm activity assay results show that one of the key 
factors of inactivation of bacteria is induced by copper and zinc ions/complexes in PAW. 


Keywords: non-thermal plasma; antibacterial activity; metal complexes; plasma-activated water 


1. INTRODUCTION 


Non-thermal or low-temperature plasmas can be created under atmospheric conditions and are 
widely used on material surfaces and in liquids for the killing or inactivation of bacteria, micro- 
organisms and spores [1, 2]. Many groups have demonstrated that non-thermal/low-temperature 
plasmas can be used to generate 'plasma-activated solution' by treating solutions under specific 
conditions, which can be applied to a disinfectant to kill bacteria on contaminated solid surfaces or 
liquids. They also show that the efficient antimicrobial agents in the plasma-activated solutions are 
free radicals species. Some groups (M. Pavlovich et. al., and G. Kamgang-Youbi et. al.,) have 
already shown that the principle species are OH and NO radicals when plasma is generated by use 
of air as the working gas at atmospheric pressure. It is shown that those OH and NO radicals are 
responsible for the antimicrobial effect [3-8]. When those reactive species are dissolved in the 
liquids, those long-lived products, such as H202 (hydrogen peroxide), NO; (nitrate), NO; (nitrite) 
and ONOO (peroxynitrites) anions, as well as other species are effective in killing or inactivating 
bacteria. Plasma-activated solution can be used as a disinfectant to contaminated solid surface and 
liquid. Recent results also show that the antimicrobial capacity of plasma-activated solution can 
persist as a bactericidal for a couple of days or more [2, 4]. 

However, the measured concentrations of nitrate, nitrite, H202, and peroxynitrites were too low 
to be considered as key bactericidal agents [9]. A possible explanation of the demonstrated 
enhancement of the antimicrobial activity in the plasma treated solutions might be attributed to a 
potential presence of metal (copper and zinc) ions/complexes sputtered from the brass cathode 
during the discharge treatment. 

The antimicrobial efficacy of metal ions/complexes against bacteria has been widely reported. 
These mechanisms indicate that metal ions/complexes can attach to the bacterial cell wall and 
destroy the bacterial cell wall to increase membrane permeability, and ions are released, proton 
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motive force became friable, then intracellular components are effluence. The metal ions/complexes 
could couple with protein denaturation causing cell lysis and death [10,11]. 

The objective of this study was to determine the amount of copper (Cu) and zinc (Zn) 
ions/complexes generated in the PAWs, evaluate the antibacterial activity and anti-biofilm activity 
of PAWs and copper and zinc ions/complexes. 


2. MATERIALS AND METHODS 


The crystal violet (CV), 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), 
and tryptic soy broth supplemented with 0.2% glucose (TSBG) was purchased from the Sigma- 
Aldrich (St Louis, MO). Escherichia Coli (ATCC 25404, gram-negative) and Staphylococcus 
aureus (ATCC 29213, gram-positive) were purchased from the American Type Culture Collection 
(ATCC, Manassas, VA). 


2.1 Preparation of plasma-activated water 

A non-thermal microhollow cathode discharge (MHCD) device was used in this study. The MHCD 
was operated at atmospheric pressure by using Air/Oxygen as working gas. The gas flow, discharge 
power were controlled at 4 liter per minute and 100 Watts, respectively. During this study, we used 
deionized water (D.I. water) to generate plasma-activated water. Discharge plasma was generated 
by fixing the discharge probe 5.0 mm above the surfaces of D.I. water in 50-mL conical tubes 
(Figure 1). After exposure to plasma for specified treatment time (10 minutes and 30 minutes), 
those PAWs were collected in 15-mL conical tubes and stored in the refrigerator. 


Figure 1. 

Schematic diagram of the microhollow cathode 
discharge (MHCD) device and experiment setup. 
(1) Gas cylinder; (2) DC power supply; (3) MCHD 
plasma torch; (4) D.I. water. Discharge plasma is 
created by gas flowing into the MHCD plasma 
torch and ejecting plasma toward the surface of the 
solution. 


2.2 Antibacterial activity assay 

In the assay, 990 uL of PAW was mixed with 10 ul of midlogarithmic (mid-log) phase bacteria (~ 2 
x 10° cells-mL'! suspended in TSBG medium). After incubation at room temperature for 30 
minutes, a 100 uL of above mixed bacteria suspension was added to a 100 uL of TSBG medium 
and then cultivated at 37°C incubator overnight. The optical density (ODs70nm) of bacterial growth 
in the TSBG medium was measured using a microplate reader [12]. 
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2.3 Detection of copper and zinc metal ions/complexes concentration within plasma-activated 
water 

The concentration of copper and zinc within PAWs was detected by Inductively Couple Plasma 

Optical Emission Spectrometry (ICP-OES). ICP-OES measures light emitted at element specific 

wavelength from thermally excited analyte ions and atoms. The intensity of this emit 

electromagnetic radiation can be converted elemental concentration by comparison calibrated 

reference standard.. 


2.4. Biofilm growth 

An overnight culture of S. aureus was diluted in TSBG to 2x10° cells: mL'! , and inoculated on 24- 
well polystyrene cell culture plates for MTT and CV staining assay. The biofilms of S. aureus (15— 
20 um in thickness) were formed on all tested materials within 24 hours. At the end of incubation, 
the formed biofilms were washed with phosphate-buffered saline (PBS) solution to remove 
planktonic and loosely attached bacteria [15, 16]. 


2.5 Anti-biofilm activity assays 

Biofilms were exposed to various PAWS or solution contained 30ppm of Cu and Zn then incubated 
at room temperature. At the end of treatments, two methods, CV staining and MTT assay, were 
used to assess biofilm susceptibility to PAWs and solution contained 30ppm of Cu and Zn. The CV 
staining is used for staining bacterial cells (both live and dead) and other macromolecules such as 
polysaccharides, DNA, and proteins in biofilm extracellular matrix. The MTT assay was designed 
for live bacteria by measuring the overall metabolic activity of bacterial cells in biofilms. There is 
an excellent correlation between formazan concentrations (absorbance at OD 570 nm) and CFU 
counting [12]. Thus, CV staining was used for the quantification of biofilms (total biomass) while 
MTT assay was utilized to evaluate the viability of bacteria in biofilms. 

In CV staining, biofilms were stained with 0.1% (w/v) CV for 10 minutes. The excess dye was 
removed by thoroughly rinsing the plate with D.I. water. Then, CV dye associated with biofilms 
was then extracted by 33% glacial acetic acid for quantification by using a microplate reader. The 
absorbance of solution was measured at 570 nm [16]. In the MTT assay, treated biofilms were 
washed with D.I. water to remove residual PAWs and solution contained 30ppm of Cu and Zn then 
incubated with 5% (W/V) MTT at 37°C for 10 minutes. A sodium dodecyl sulfate (SDS) solution 
was used to dissolve the purple formazan that formed inside the bacterial cells then measured 
optical density values with microplate reader by setting the detecting and reference wavelengths at 
570 nm and 630 nm, respectively [17]. 


3. RESULTS AND DISCUSSION 


3.1 The plasma-activated water’s pH and antibacterial ability 

One of the most notable consequences of plasma exposure to the solution is dramatically decreased 
solution pHs, many studies were conducted in acidic (pH~3.7) [2-5, 13-14]. The results of pH 
change occurred from 6.8 to 2.55 in PAW-Air-10 (Plasma-activated water generated by using air to 
treat 10 minutes), and the pH of PAW-O2-10 (plasma-activated water generated by using oxygen to 
treat 10 minutes) was 2.80. However, with increasing plasma exposure time to the D.I. water, the 
pH change was imperceptible (Figure 2a). 

The results of E. coli disinfection experiments with PAW-Air-10, PAW-Air-30, PAW-O2-10, 
and PAW-O2-30 are shown in Figure 2b. In Figure 2b, the E. coli was completely inactivated after 
30 minutes exposed with PAW-Air-30, and PAW-O2-30. However, the PAW-Air-10, and PAW- 
O2-10 was inactivated slightly. 
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Figure 2. (a) Plasma induced D.I. water pHs changes with various working gases. (b) Antibacterial 
activity of plasma-activated waters tested on E. coli. 


3.2 Concentration of metal ions/complexes 

Some groups (M. Pavlovich et al., and G. Kamgang-Youbi et al.) shown that nitrate, nitrite, 
hydrogen peroxide, and peroxynitrites maybe the key factors to kill or inactivate bacteria; however, 
the measured concentrations were too low to be considered as key bacterial agents [9]. After each 
experiment, we found that the electrically-conductive tube (cathode, brass material) was sensitive to 
corrosion (Figure 3). This is possible to attribute to the antimicrobial activity in the PAWs due to a 
potential presence of metal (copper and zinc) ions/complexes during the discharge treatment. 


Figure 3. Photographs of electrically-conductive tube (a) before, and (b) after used. 


Figure 4 shows the copper and zinc ions/complexes amount (ppm) in the PAWs, which was 
measured by ICP-OES. In the PAW-Air-10, the concentration of Cu and Zn both increased from 0 
to 7.0ppm and 6.5ppm respectively within 10 minutes plasma treatment. The content of Cu and Zn 
increases continuously with increasing treatment time. After 30 minutes plasma treatment, the Cu 
and Zn concentration increased to 51.7ppm and 31.6ppm, respectively. In the PAW-O2-30, the 
concentrations were measured 34.5ppm of Cu, and 15ppm of Zn. We also found that the ratio of Cu 
and Zn was between 1 and 2.5. 
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Figure 4. Concentration of metal ions/complexes was generated within the PAWs. Emergence of 
(a) copper and (b) zinc ions/complexes were measured by ICP-OES with various gases 
and exposure time. 


3.3 Antibacterial ability of metal ions solution 

From previous assay, we would like to determine whether metal concentration is responsible for 
antibacterial activity. In this work, we prepare two different ratios (1:1 and 2.5:1) of Cu and Zn 
solutions to evaluate its antibacterial effects. Figure 5 shows the antibacterial efficacy when E. coli 
was exposed to various concentrations of Cu and Zn at 37°C incubator for 30 minutes. After 
treatment, we found that the Solution 1 at concentration 15ppm of Cu and Zn and the Solution 2 at 
concentration 30ppm of Cu and 12ppm of Zn had the sufficient efficacy to completely inactivate E. 
coli. These results also confirmed PAW antibacterial activity results. 
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Figure 5. Antibacterial activity of various concentrations of mixed copper and zinc ion solutions 
tested on E. coli. Solution 1, the concentration ratio of copper ions to zinc ions is 1 to 1, 
and Solution 2, the concentration ratio of copper ions and zinc ions is 5 to 2. 


3.4 Anti-biofilm activity assay 

One of the most important features of biofilms is their resistant nature towards chemical and 
antimicrobial treatments [18-20]. However, biofilms are sensitive to plasma and bacteria in mature 
biofilms of various sizes are killed completely by directly exposing biofilms to gas discharge 
plasma [15-17, 21-22]. Motivated by the excellent anti-biofilm activity of plasma, we tested the 
capability of solution contained 30ppm of Cu and Zn and PAWSs in biofilm inactivation. In 
agreement with their good antibacterial abilities, solution contained 30ppm of Cu and Zn and PAWs 
demonstrated strong anti-biofilm activity (Figure 6a). After 3 hours contact time, PAW-O2-30 can 
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inactivate around 99% of bacteria within the 1-day old biofilm, and more than 99.9% of bacterial 
cells in 1-day old biofilms were killed with solution contained 30ppm of Cu and Zn and PAW-Air- 
30. Studies on plasma mediated biofilm inactivation revealed that the observed anti-biofilm activity 
of plasma attribute to the antibacterial and etching capability of plasma [15]. Reactive species 
generated in plasma can damage biofilm extracellular matrix to release bacteria and biofilm debris 
from attached surfaces. However, PAWs and solution contained 30ppm of Cu and Zn are deprived 
of biofilm etching function. Despite completely inactivated bacteria, biofilms treated with PAWs 
and solution contained 30ppm of Cu and Zn maintained the same biomass as the controls after long 
time incubation (Figure 6b). This result supports the conclusion that maybe metal ions/complexes 
are responsible for the antibacterial and anti-biofilm. 

Reasons for biofilm resistance include limited nutrition diffusion and mutant development in 
biofilms. The excellent activity of plasma attributes to the good biofilm permeability and cell 
membrane-disrupting capability of discharge gases [15, 17]. Extended contact time is required to 
complete biofilm inactivation in comparison with planktonic cells (3 hours vs. 30 minutes), 
reflecting the slow diffusion of PAW into biofilms. 
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Figure 6. Plasma-activated waters and solution contained 30ppm of Cu and Zn induced (a) bacteria 
inactivation (b) biomass change in 1-day old S. aureus biofilms. 


4. CONCLUSIONS 


The following can be concluded from this study: 

e Plasma treatment caused the acidification of D.I water, and it showed the pH changes from 6.8 
to around 2.5 after 10 minutes of plasma treatment. 

e The PAWs showed excellent inactivation activity. The bacteria were unable to survive in 
PAWSs after an exposure of 30 minutes. 

e . ICP-OES information showed that metal (Cu and Zn) ions/complexes were present in the 
PAWSs. Cu and Zn ions/complexes could possibly be sputtered from the brass cathode during 
the discharge generated. 

e Cu and Zn ions/complexes not only exhibited great antibacterial properties against the 
pathogen E. coli, but also showed impressive anti-biofilm activities. Cu and Zn ions/complexes 
likely act in the key role in the PAWS for bacterial/biofilm inactivation. 
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Abstract 


It is necessary to complement the chemical analysis by ecotoxicity bioassays which proved to be 
more sensitive indicators of soil quality. Ecotox-score calculated from a battery of specifically 
selected liquid and solid phase bioassays appeared to be a cost-effective and robust method to 
classify soils according to their toxicity level. Indeed, ecotox-scores were able to discriminate two 
coke factory soils contaminated with a similar total concentration of PAHs. The combination of 
chemical and toxicological data highlighted the relationship between acute ecotoxicity and 3-ring 
PAHs. The chronic effect of both water extracts on algal growth could be explained by high 
molecular weight PAHs, such as 5- and 6-ring PAHs. Ecotox-score can be a cost-effective 
assessment of PAHs polluted/remediated soils complementary to chemical analysis. 


Keywords: soils; PAHs; ecotoxicity; ecotoxicological test battery; bioavailability; Ecotox-scores 


1. INTRODUCTION 


Industrial activities have led to the discharge of a wide range of hazardous chemicals in soils. These 
pollutants include mostly hydrocarbon aromatic hydrocarbons (PAHs) and heavy metals. PAHs are 
a group of persistent organic pollutants that are generally formed by the incomplete combustion of 
fossil fuels, coal liquefaction, creosote production and petroleum refining [1]. PAHs are a major 
environmental and health concern because of their potentially toxic, mutagenic and carcinogenic 
properties [2]. PAHs can adversely affect not only human health but also terrestrial and aquatic 
ecosystems. Hazard risk assessments of polluted soils are usually performed by chemical analysis to 
determine concentrations of target compounds. However, chemical analysis does not allow to 
identify all the compounds, but only to quantify those which are to be analysed. Moreover, it does 
not provide information on the bioavailability of pollutants, neither on synergic or antagonistic 
phenomena between pollutants, nor on their effect on living organisms. In the case of PAHs that are 
hydrophobic organic pollutants, they may be adsorbed onto soil matrices and thus be less 
bioavailable [3]. Soil properties, such as organic matter content, and its ageing also play an 
important role in the bioavailability of PAHs [4,5]. So, these parameters can significantly affect 
their fate in ecosystems and their impact on species and population [6]. As a consequence, a battery 
of bioassays involving organisms at different levels of biological organization and accounting for 
acute/chronic ecotoxicity or genotoxicity is recommended to evaluate the environmental hazard of 
contaminated soils. 

Different approaches were performed to assess soil ecotoxicity: bioassays on whole soil using 
bacteria, earthworms, collembolans and plants [7], liquid bioassays applied on both water and 
organic extracts [8] and combinations of both bioassays on whole soil and on soil water extracts 
[9.10]. Direct toxic effects on terrestrial organisms may reflect the ecotoxicological potential of 


13^ International Conference on Protection and Restoration of the Environment 423 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


contaminated soils [11,7] whereas soil organic extracts may lead to an overestimation of the real 
bioavailability of organic pollutants [12]. 

The first goal of this work is to demonstrate that chemical analyses were not sufficient to 
evaluate the hazard of polluted soils and these analyses have to be complemented by ecotoxicity 
bioassays. 

The second goal is to confirm the robustness of a method previously defined by Lors et al. [13], 
in order to evaluate the environmental risk through the calculation of an ecotox-score. This method 
relies on an optimised battery of solid- and liquid-bioassays that gave satisfactory results from the 
viewpoint of ecological relevance [13]. It was thus applied in the present article, to two historical 
contaminated soils presenting a similar total concentration of PAHs in order to check its robustness. 
Additionally, the combination of chemical and toxicological data was used to bring some new 
insights between ecotoxicity and the different types of PAHs. 


2. MATERIALS AND METHODS 


2.1 Soil samples 

Experiments were carried out on two contaminated soils, named soils A and B, sampled from two 
historical industrial sites located in the North of France. Soil A was sampled in the untreated site 
whereas Soil B underwent a windrow treatment for 18 months. Despite bioremediation, this soil 
was still polluted with PAHs, with a total concentration still around that of Soil A. Unpolluted soils 
were sampled in the two studied sites in uncontaminated areas. These soils were used as controls in 
the avoidance test and as a dilution matrix in solid-phase bioassays. The procedure used for soil 
sampling has been described by Lors et al. [7]. 


2.2 Water extraction of soil samples 

Soil water extraction was carried out according to [14] without any preliminary filtration: 
liquid:solid ratio 10:1 (170 g of soil in 1.7 L of distilled water) at 20°C in 2 L glass bottles for 24 h 
at a stirring rate of 60 rpm. After decanting for 15 min, the soil suspension phase was centrifuged at 
2,000 g during 30 min and stored at 4°C until chemical and ecotoxicological analyses. 
PAH-releasing capacity is expressed by the ratio between PAH-concentration in water extract (per 
unit mass of soil for water extraction) and PAH-concentration in soil. 


2.3 Chemical analyses 

Concentrations of the 16 PAHs of the US-EPA list [15] were dosed in soils and water extracts 
according to ISO 13877 [16]. The separation of PAHs from water extracts was conducted with 
dichloromethane. The extraction of PAHs from soil samples was carried out with the solvent 
extractor system Dionex® ASE 200 (Dionex Corporation®, Sunnyvale, CA), allowing a procedure 
described by Lors et al. [13]. PAHs were separated in a column (Supelco® C18 reverse phase, 
length 250 mm, internal diameter 2.1 mm) using a gradient of acetonitrile/water solvent. PAHs 
analyses were also carried out in soil water extracts by HPLC (Waters® 2690, Milford, MS) coupled 
to a fluorescence detector. The ratio between PAH concentration in water extract and in soil 
allowed determining the PAHs water extraction capacity of the studied soils. PAHs analyses in both 
soils and water extracts were done in triplicate. 


2.3. Ecotoxicological analyses 

The toxicity of soils was evaluated with the bioassays selected by Lors et al. [13], including two 
rapid bioassays (Microtox® and springtail avoidance), a micronucleus test and three bioassays of a 
longer duration (algal growth, lettuce germination and springtail reproduction). 
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Bioassays applied directly on soil included an acute toxicity bioassay like phytotoxicity tests on 
Lactuca sativa [17] and an chronic toxicity bioassay based on springtail (Folsomia candida) 
reproduction according to ISO 11267 [18] modified by Martínez Aldaya et al. [19]. An avoidance 
test was conducted on Folsomia candida according to Martínez Aldaya et al. [19] and Lors et al. 
[20]. Detailed procedures of these bioassays were described by Lors et al. [7]. The pH of both soils 
was around 8 and thus was compatible with requirements of test organisms. 

The toxicity of water extracts to aquatic organisms was assessed through both acute and 
chronic effects. The protocol of each bioassay was detailed by Lors et al. (2011) [13]. An acute 
ecotoxicity test was performed by measuring the inhibition of bioluminescence of the bacterium 
Vibrio fischeri according to ISO 11348-3 [21]. Chronic ecotoxicity was evaluated on growth of the 
fresh water alga Pseudokirchneriella subcapitata according to ISO 8692 [22] The pH of the water 
extracts was close to 8 for all soils studied, which is compatible with the validity domain of toxicity 
tests performed in the present study. The in vitro micronucleus assay was performed according the 
procedure described by Nesslany and Marzin [23]. This micro-method used mouse lymphoma cells 
L5178Y. The micronucleus assay was performed with and without S9 metabolic activation using 
the 9000 g cell supernatant from livers of Aroclor 1254-treated rats. 


2.5. Calculation of ecotox-scores 

Toxic effects were calculated as percentages of inhibition at a given concentration or as LEcx 
values. Percent inhibition was determined with respect to the control soil. LEc, values were 
calculated following adjustment of data to a log-probit logistic model [24]. NOEC was the highest 
concentration tested that did not significantly differ from control with a type I error (a) of 596. 
LOEC was not used and was replaced by EC;o or LCio. Toxicity values were also expressed in 
Toxic Units (TU), using the formula TU = 100/EC(or LC)so. 

A bioassay-score was calculated for each bioassay as the mean value of the scores obtained 
from four ecotoxicological parameters; E(L)Cs5o, E(L)C29, E(L)Ci9, NOEC. A score of 0, 33, 67 or 
100 was given as a function of the intensity of the ecotoxicological parameters (x) considered: 

o Oczno effect (x>100) 

33 = weak effect (S0<x<100) 

67 = medium effect (20<x<50) 

100 = strong effect (x<20) 

It has to be noticed that the scale of the scores was modified compared to Lors et al. [7] in order 
to normalize to 100 the maximum effect. Finally, the ecotox-score was then calculated as the mean 
value of the bioassay scores obtained for each bioassay performed. The following scale was used to 
define the environmental risk of PAHs polluted soils: 

o no toxicity (ecotox-score = 0) 

o weak toxicity (0 < ecotox-score x 33) 

o moderate toxicity (33 < ecotox-score < 67) 

o Strong toxicity (67 < ecotox-score < 100) 


O00 


3. RESULTS AND DISCUSSION 


3.1 Chemical and toxicological characteristics of soils 

Soil A was mainly contaminated with organic compounds. This soil was heavily polluted with 
PAHs, with a global content of about 3 g kg” dry soil, mainly represented by 2-, 3- and 4-ring 
compounds. Three-ring PAHs were the most represented (44% of È} 16PAHs), followed by 2- and 
4-ring compounds (28 and 20 %, respectively) (Figure 1). Five- and 6-ring PAHs were hardly 
present in this soil (5 and 2 46, respectively). 
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Soil B was highly polluted with PAHs, to a level similar to Soil A (© 16PAHs= 3.69 g kg’). 
However, PAHs distribution pattern was different from Soil A (Figure 1). Four-ring PAHs were the 
most represented (50% of >») 16PAHs — 1727 mg/kg dry soil) followed by 5-ring PAHs (2296 — 
796.1 mg kg" dry soil). Contrary to soil A, 3-ring PAHs content was lower, 623.5 against 1279.2 
mg/kg dry soil for Soil A. This difference of distribution is probably the consequence of the partial 
degradation of PAHs during biotreatment that was more efficient to decrease 2- and 3-rings PAHs, 
as expected [26]. Thus, the concentrations of 4-, 5-, and 6-ring PAHs were higher for Soil B 
contrary to 2- and 3-ring PAHs. 
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Figure 1. Concentrations of 2-6 rings PAHs in the two studied soils. 


Soil A induced a strong inhibition of lettuce germination. At the highest dose tested, the lettuce 
germination was inhibited to about 70% and the bioassay-score was to 93 (Table 1). Conversely, 
Soil B showed a significantly lower phytotoxicity towards lettuce germination as its bioassay-score 
was 47 (Table 1). The Folsomia population growth bioassay showed that Soil A had a high chronic 
ecotoxicity, with an bioassay-score of 100 whereas Soil B exerted any response on F. candida 
population. For Soil B, the behavioural test seemed to be more sensitive than ecotoxicity tests since 
it allowed to detect a significant repellence (bioassay-score = 67). Nevertheless, the repellence level 
was lower than that of Soil A (bioassay-score = 100). So, Soil A presented a strong ecotoxicity 
towards terrestrial organisms whereas the ecotoxicity of Soil B was moderate: ecotox-scores of Soil 
A and Soil B, obtained with this battery of bioassays, were 98 and 38, respectively. 

These results demonstrate that the global content of PAHs is not the pertinent parameter to 
evaluate soil pollution hazards. Conversely, the distribution of PAHs gave a better picture of soil 
pollution and it can explain partly the ecotoxic responses obtained. In fact, the high ecotoxicity of 
Soil A on terrestrial organisms was probably related to its high concentration in 3-ring PAHs. 
Indeed, a positive and significant relationship between bioassay-scores pooled over the three solid 
bioassays and the concentration of 3-ring PAHs was found by Lors et al. [7]. Soil A exhibited a 
high ecotoxicity on organisms tested: plants and Collembola, with bioassay-scores of 93, 100, and 
100 to Lactuca germination, Folsomia population growth and Folsomia avoidance respectively 
(Table 1). 
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3.2 Chemical and toxicological characteristics of water extracts 

Aqueous leaching tests of soils showed that Soil A had a strong capacity to release PAHs. In fact, 
the ratio PAH concentration in water extract / soil was equal to 2.2 10°. The water extract A mainly 
contained 3-ring PAHs (82% of X 16PAHs — 531.1 ug/L) (Table 2). Their high concentration in 
solution was linked to their amount in Soil A (1279.2 mg/kg) and the higher solubility of PAHs 
having lower molecular weights. 


Table 1. Ecotox-scores of the two studied soils calculated from the bioassay-scores obtained with 
three solid-phase bioassays and three liquid-phase bioassays. 


Type of effect Soil A | Soil B 
bioassay-score for Lactuca Acute ecotoxicity 93 47 
germination 
Solid phase hroassay scare Tor onama Chronic ecotoxicity 100 0 
. population growth 
bioassays bioassay-score for Folsomia 
a behaviour 100 67 
avoidance 
ecotox-score 98 38 
bioassay-score for Microtox® test acute ecotoxicity 100 0 
Liquid phase bioassay-score for Algal growth acute ecotoxicity 80 80 
: bioassay-score for Micro-nucleus ias 
bioassays test genotoxicity 80 0 
ecotox-score 87 27 
mold ang qund ecotox-score 92 32 
phase bioassays 


Table 2. Concentrations of PAHs in water extracts A and B (expressed in ug/L). Water-solubilities 
of PAHs at 25°C (expressed in ug/kg) were also indicated. 


No. Water Water Water- 
of rings extract A extract B solubility 

Naphthalene 2 0.20 + 0.02 0.6+0.2 3.2 10* 
Acenaphthylene 3 - - 3.4 10° 
Acenaphthene 3 154.1 £ L5 0.6 € 0.1 3.9 10? 
Fluorene 3 198.7 € 3.7 0.7 € 0.1 2.0 10° 
Phenanthrene 3 151.4 € 2.8 1440.2 1.3 10 
Anthracene 3 269 + 0.4 1.3 +0.3 7.3 10! 
Fluoranthene 4 51.2 +0.9 4.1 £ 0.7 2.6 10° 
Pyrene 4 28.9 € 0.5 3.1 € 0.6 1.4 107 
Benzo[a]anthracene 4 8.00.1 3.1 - 0.6 1.4 10! 
Chrysene 4 8.8+0.1 340.6 2.0 10" 
Benzo[b]anthracene 5 3.85 + 0.05 84414 1.2 10° 
Benzo[k]fluoranthene 5 2.30 + 0.03 210.5 7.610" 
Benzo[a]pyrene 5 4.41+0.02 6.9+14 3.8 10° 
Dibenzo[ah]anthracene 5 0.72 + 0.01 3.4 + 0.6 2.6 10! 
Benzo[ghi]perylene 6 3.00 + 0.03 8.4+ 1.7 6.2 10' 
Indeno[123- cd]pyrene 6 2.30 + 0.04 9.0 € 1.8 5.0 10! 
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The leaching of PAHs decreased with the number of rings (Figure 2). PAH concentrations in 
water extracts were correlated to water-solubility of these pollutants. More soluble PAHs, such as 
acenaphthene, fluorene and phenanthrene, were found at the highest concentrations in water extract 
A (Table 2). Conversely, four-ring PAHs were present in a lesser proportion (15% of >) 16PAHs — 
96.9 ug/L), whereas 5- and 6-ring PAHs were not significantly represented in water extract A (1.8 
and 0.8 % — 11.3 and 5.3 mg/L respectively) (Table 2). 

Soil B released 10 times lower amounts of PAHs than Soil A (1.6 10^). Five- and 6-rings 
PAHs were the most represented (respectively 37 and 30 % of ©) 16PAHs - 21.4 and 17.5 mg/L) 
(Table 2). Among 5-ring PAHs, benzo(b)anthracene and benzo(a)pyrene were the major 
compounds in water extract B. Water extract B also contained 4-ring PAHs in a lesser proportion 
(23.9% of >) 16PAHs — 13.7 mg/L). Three-ring PAHs were also hardly released and thus their 
concentrations were about 100 times less than water extract A. So, the windrow treatment applied to 
this soil was efficient because it removed low molecular weight PAHs and the remaining PAHs 
were the compounds most recalcitrant to microbial degradation [26]. Indeed, Soil B contains 
essentially 4-, 5- and 6-ring PAHs which were characterized by a weak water-solubility and a high 
lipophily. 
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Figure 2. Ratio of PAHs concentration in water extract to concentration in soil (expressed in 96) for 
the two studied soils. 


Water extract A exhibited a strong acute ecotoxicity to Vibrio fischeri (ecotox-score = 100) 
(Table 1). Conversely, water extract B did not show any acute ecotoxicity with this bioassay 
(bioassay-score = 0) (Table 1).These results seemed to be linked to the 3-ring PAHs content in these 
water extracts: high amount in water extract A (È 3-ring PAHs = 644.8 mg/L) and small amount in 
water extract B ((2; 3-ring PAHs = 57.3 mg/L) [25]. This confirms the correlation between 3-ring 
PAHs and acute ecotoxicity observed by Lors et al. [13]. 

However, the effects of water extracts A and B on algal growth were comparable on the basis 
of bioassay-scores. Water extracts A and B showed a high chronic response towards Pseudo- 
kirchneriella subcapitata (bioassay-scores of 80 for both soils). These results indicated that both 
soils had a potential impact to aquatic fauna in the long term and that ecotoxicological effects were 
due to 5- and 6-rings PAHs, although these were present in lower contents in both water extracts 
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(Figure 2). Nevertheless, the ratio between the concentration of each PAH in water extract and its 
water-solubility was higher than 1 for all 5- and 6-rings PAHs to the exception of 
benzo[g,h,/|perylene (Table 2). This suggests that high molecular-weight PAHs were associated 
with other compounds such as suspended organic matter or were in colloidal form, making them 
bioavailable to aquatic organisms. 

The micronucleus test showed a high genotoxicity only without S9 activator (bioassay-score = 
80) for water extract A, indicating the presence of directly genotoxic compounds in this water 
extract. So, the genotoxicity response was not due to PAHs which are known to be activated into 
genotoxic metabolites by S9 rat liver enzymes. Conversely, any genotoxic effect was observed for 
water extract B. So, the ecotoxicological approach gave a global response and took into account all 
potentially toxic compounds and not only those that had been determined by chemical analysis. 

The comparison of ecotox-scores calculated both for liquid and solid phase bioassays showed 
that Soil A was classified as strongly toxic by both types of bioassays. Ecotox-scores were 87 and 
98 for liquid and solid phase bioassays respectively. Conversely, Soil B, which was at the limit 
between weak and moderate effects, appeared weakly toxic by liquid phase bioassays (ecotox-score 
= 27) and moderately toxic by solid phase bioassays (ecotox-score = 38). This was due to a lower 
sensitivity of liquid phase bioassays compared to that of solid phase bioassays as showed by Lors et 
al. [13]. Nevertheless, chemical and ecotoxicological analyses of water extracts were representative 
of the water-soluble fraction which was directly accessible to organisms. So, the water extract was 
complementary to the bulk soil in the procedure of hazard assessment. The weak toxicity of soil B 
compared to the strong toxicity of soil A was also confirmed by the calculation of ecotox-scores 
using liquid and solid phase bioassays; ecotox-score equals to 32 and 92 respectively (Table 1). 


3. CONCLUSIONS 


Two coke factory soils contaminated with similar PAHs total concentration were characterized by 
chemical and ecotoxicological approaches applied on the whole soil and on the water extract. The 
battery of bioassays including solid and liquid-bioassays took into account acute, chronic and 
genotoxic effects. The total PAH content of soil was not the more pertinent parameter to assess the 
hazard of polluted soils, contrary to the distribution of PAHs. The chemical analysis of water 
extracts of soil gave information on the soluble fraction corresponding to the pollutants directly 
accessible to organisms. Nevertheless, it was necessary to complete chemical analyses by eco- 
toxicity bioassays which proved to be more sensitive indicators of soil quality. The ecotox-score 
calculated from the selected battery of liquid and solid phase bioassays proved to be a robust 
method which allowed us to differentiate the two studied soils despite their similar total concen- 
tration of PAHs. In addition, the combination of chemical and toxicological approaches highlighted 
the relationship between acute ecotoxicity and 3-ring PAHs (most soluble compounds). In the same 
way, the chronic effect of both water extracts on algal growth can be explained by high molecular 
weight PAHs, such as 5- and 6-ring PAHs. As a conclusion, using ecotox-score can be a cost- 
effective assessment of PAHs polluted/remediated soils complementary to chemical analysis. 
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Abstract 


Nowadays, three methods which target the evaluation of the characteristics of ecotoxicology tests 
according to aquatic trophic level, are well-known, approved methods. In Turkey, the toxicity 
dilution factor (TDF) method, approved by Turkish Water Pollution and Control Regulation, and 
Lebistes reticulatus the actual method name that utilizes this animal which is a high level consumer, 
are used in the assessment of acute toxicity levels of waste waters with different compositions. 
However; it is not preferred by researchers except statutory obligations due to its disadvantages in 
implementation. The other method Daphnia magna, which belongs to secondary trophic group, is 
also widely used. Vibrio fischeri which is based on bioluminescent bacteria is mostly preferred due 
to ability of giving fast and precise results in acute toxicity assessment tests. In this study, specific 
to Turkey, it is aimed to compare issues such as experimental process, time, cost, efficiency, 
repeatability, etc. of tests that take place in the related legislation and standards. In light of all this 
information, it is determined the insufficient parts about legal regulations related to toxicity in 
Turkey. It can be suggested that bioluminescence bacteria (V. fischeri), defined all around the world 
recently with its precision, optimal cost, repeatability features be used in Legal Regulations of 
Turkey. It is aimed to contribute to scientific literature, this study being the first on suggesting an 
innovative approach about acute toxicity test in Turkey. 


Keywords: Microtox; heavy metals; interactive effect; bioavailability; toxicity; Turkish Water 
Pollution and Control Regulation 


1. INTRODUCTION 


Day by day, the more complex contaminants are, the bigger their effects on aquatic ecosystems 
become. Direct discharge of wastewater to receiving environment causes primary environmental 
effects such as forming toxic-carcinogenic aromatic amines under uncontrolled anaerobic 
conditions. It is insufficient to put forward this potential impact on living organisms in aquatic 
ecosystems by means of physical/chemical analysis [1]. The reason of this is that effluents having 
complex and toxic effects of usually unspecific contaminants and the potential synergistic or 
antagonistic effects among them can only be determined through toxicity tests [2]. Therefore, 
biological indicators have started to be used over time in order to determine the toxicity. 

The application (implementation) on this subject, specific to Turkey, was first carried out by 
Şengül and Müezzinoğlu [3]. Şengül and Müezzinoğlu [3] applied toxicity test to fish at effluents of 
dyeing and paper industry, but could not observe any fish mortality for the dilution rates they 
applied [2]. Studies on ecotoxicological evaluation of industrial effluents [4] with simple and low 
cost toxicity test usage have accelerated over time. In recent years, the necessity of toxicity 
evaluation in industrial effluent discharge in Turkey has been mentioned by Sponza [5, 6], giving 
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examples from different sectors such as paper, leather, petroleum chemicals, textile and metal 
industries. In these studies, acute toxicity was determined through bioassays at four trophic levels of 
bacteria (floc and coliform), algae (Chlorella sp.), protozoa (Vorticella sp.), and fish (Lepistes sp.). 
In other studies, it has been carried out acute toxicity of potassium permanganate [7] to fish 
bioassay, leather industry originated effluent to sea urchin (P. lividus and S. granularis), algae (S. 
capricornutum) [8], and textile industry originated effluent to Daphnia magna [9]. 

In this study, it is aimed to make a comparison on issues such as experimental process, time, 
cost, efficiency of test organisms taking place in the related regulations and standards specific to 
Turkey. Moreover, taking all industrial sectors into consideration, it is aimed to contribute to 
scientific literature with this study as the first to suggest innovative approaches to the related 
legislative regulations in Turkey. 


2. ACUTE TOXICITY APPROACH IN TURKEY 


Acute toxicity test was entered in force in Turkey with *Water Pollution Control Regulation 
(WPCR) No. 25687 dated 04.09.1988 [10]. The term toxicity is based on a fish bioassay in 
determining acute toxicity in the related regulation. According to this regulation, toxicity is defined 
as 'to have the feature of leading to threaten human health, health of various indicator organisms, 
and the ecosystem balance; acute or chronic diseases, teratogenetic, genetic deformity and 
measurement (indication) by being within water in an amount more than a definite concentration’ 
and TDF (toxicity dilution factor) is defined as *measurement used to determine the toxicity level of 
effluents' [11]. It is used to determine the effect of toxicity on fish that are indicator organisms of 
effluent. The survival of fish in the end of 48 h, 72 h, and 96 h in different dilutions of effluent is 
determined through this experiment. It is a standard experiment providing the relationship of 
toxicity with dilution rates. 

Fish bioassay is required from the industrial sector, like as food (TWPCR No: 5), mining 
(TWPCR No: 7), textile (TWPCR No: 10), petroleum (TWPCR No: 11), Vehicle Factories and 
Garages (TWPCR No: 18). Wastewater coming from industries such as textile, leather, chemicals is 
known to be potentially carcinogenic, and contain hazardous and toxic compounds. Effluents of 
these industries, having high chemical oxygen demand (COD) and suspended solids (SS), use 
excessive water and chemical substances at the same time. Besides the excessive water use, in 
mining, metal and petroleum industries have also heavy metal content having toxic effects. In the 
treatment of all these effluents, advanced oxidation process is needed except conventional 
treatment. If proper and sufficient treatment is not done, different chemical and heavy metal 
containing, and high volume effluents with high loads of organic substances will come out. These 
types of wastewaters may cause to the inhibition of performance on urban sewerage systems or 
secondary treatment units [12]. When taken into consideration that treatment will end in receiving 
environment, its effect on aquatic organisms is inevitable. 

Although not included in Water Pollution Control Regulation, there are some toxicity test 
standards approved by Turkish Standards Institute (TSI) (Table 1). Among these, especially the 
freshwater type of Daphnia, Daphnia magna, is used as a test organism in water quality control, and 
studies as well as on the determination of the toxicity of wastewater and/or chemicals. 

Acute toxicity tests carried out with Daphnia magna have taken place in academic studies very 
often [14-16]. This organism is used due to its rapid growth rate, high spawning potential, short life 
cycle and having indicator features [17]. Studies are carried out on different test organisms about 
effluent toxicity within the scope of SCI. In studies carried out between 2003 and 2015 in Turkey, 
acute toxicity tests using Daphnia magna attract most attention. Another one acute toxicity tests 
known as Resazurin method [18, 19] carried out using bacteria. Although not preferred by 
scientists, fish bioassay is also one of the most widely used tests due to its presence in official 
regulations. 
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Table 1: Toxicity Test Standards approved by Turkish Standards Institute (TSI) [13]. 


DATE TS NO STANDARD NAME 


4.4.1988 


TS 5676 


Water Pollution Control-Toxicity Tests 


5.4.1990 


TS 8264 


Industrial Effluents and Wastewaters-Acute Toxicity Tests-Bioassay 
Methods 


14.4.1997 


TS EN ISO 


10712 


Water quality-Pseudomonas putida growth inhibition test 
(Pseudomonas cell multiplication inhibition test) 


18.9.1997 


TS 11981 
ISO/DIS 
14669 


Water quality-Cruslaces bioassays- Determination of acute lethal 
toxicity to marine copepods (Copepode, Crustacea) 


30.12.1997 


TS ISO 
10229 


Water quality-Determination of the prolanged toxicity of substances to 
freshwater froh method for evaluating the effects of substances on the 
growth rate of the rainbow trout 


12.4.2000 


TS 6020 
EN ISO 
7346 


Water quality- Determination of the acute lethal toxicity of substances 
to a freshwater fish [Brachydonio Rerio Hamilton-Buchanan (Teleostei, 
Cyprinidae)] 


17.3.2005 


TS ISO 
10706 


Water Quality- Determination of Long Term Toxicity of Substances to 
Daphnia magna straus (Cladocera, Crustacea) 


12.10.2006 


12.10.2006 


TS EN ISO 
10253 
TS EN ISO 
9509 


Water quality - Marine algal growth inhibition test with Skeletonema 
costatum and Phaeodactylum tricornutum 


Water quality - Toxicity test for assessing the inhibition of nitrification 
of activated sludge microorganisms 


27.3.2007 


TS EN ISO 
16712 


Water quality - Determination of acute toxicity of marine or estuarine 
sediment to amphipods 


27.3.2007 


TS EN ISO 
20079 


Water quality - Determination of the toxic effect of water constituents 
and waste water on duckweed (Lemna minor) - Duckweed growth 
inhibition test 


19.1.2010 


TS EN ISO 
15088 


Water quality - Determination of the acute toxicity of waste water to 
zebrafish eggs (Danio rerio) 


19.1.2010 


TS EN ISO 
11348 


Water quality - Determination of the inhibitory effect of water samples 
on the light emission of Vibrio fischeri (Luminescent bacteria test) 


10.4.2013 


TS EN ISO 
6341 


Water quality - Determination of the inhibition of the mobility of 
Daphnia magna straus (Cladocera, Crustacea) - Acute toxicity test 


12.6.2013 


TS EN ISO 
10710 


3. CONCLUSIONS 


Water quality - Growth inhibition test with the marine and brackish 
water macroalga Ceramium tenuicorne 


The results of toxicity test indicate the potential hazard to the aquatic ecosystem. It is necessary to 
make the risk evaluation of toxicants based on national/international regulations in order to be able 
to evaluate the results of the tests. Thus, it is possible to keep the chemicals that may occur in the 
environment within the frame of Acceptable Risk Level (ARL). Even if sectors determined in the 
related regulation do not exceed the limits of effluent discharge, they may cause toxicity. However, 
effluent investigated for its Toxicity Dilution Factor (TDF) does not indicate its toxicity completely. 
The most important insufficiency of Toxicity Dilution Factor is that it does not measure the reaction 
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of organisms while indicating toxicity. As Aydin and Kara [2] mentioned in their studies, although 
30 times diluted effluent does not cause fish death, it is impossible to predict the real effect of it or 
how it reacts when diluted 10 times. Therefore, LCso is preferred to TDF in tests of fish bioassays 
carried out in Turkey by researchers. 

It has been tried to determine hazards that may occur in aquatic ecosystem by using more than 
one organism in many studies. Due to these organisms at different trophic levels showing different 
sensitivity, a number of series of test application is needed. Nevertheless, feasibility of bioassays 
carried out with more than one organism is low due to its time and cost factors. The reason of 
failure of fish bioassays is this infeasibility. What really matters is finding the most precise, the 
most appropriate, and the most accurate method. In the selection of the suitable test organism, with 
its representing the ecosystem, easy organism supply/preservation feature, wide range of sensitivity, 
high adaptation capacity, and being less affected by environmental parameters, the type of test 
organism becomes more advantageous. Due to this reason, test organisms categorized according to 
their trophic levels given in Table 3 should be investigated with their advantages and disadvantages. 
It can be recommended to use bioluminescent bacteria (V. fischeri), being recently defined 
worldwide with its sensitivity, optimal cost, and repeatability, in Turkish Legislative Regulations. In 
developed countries such as the USA, Germany, France, and Spain, this test has been approved to 
be the prominent acute toxicity test accepted as an official standard. 


Table3: Advantages and disadvantages of acute toxicity organisms which are mostly used in 
Turkey (adapted from Karci [20]). 


TEST 
ORGANISM ADVANTAGE DISADVANTAGE 
e Representing organisms at higher trophic levels e Possibility of the sample losing 
e More precision compared to invertebrates and fish its own feature due to special 
e Repeatability of tests sample preparation (solvent, 
e Resulting in 30 minutes rather than days/hours salinity, pH adjustment, etc.) 
e More optimal cost 
e More ethical because it does not harm higher 
structured organisms 
e Storage of reagent/ auxiliary chemicals for about 1 
year 
e Being appropriate for all air, surface and underground 
" . water, effluent, sediment, and chemical samples 
Microorganisms is : 
e No need for ventilation even in samples of 
effluents/underground waters with low level DO 
e Working on small sample volumes in millilitres 
e No need to prepare cultures due to freeze dried 
reagents(optional) 
e No possibility of being exposed to different toxicants 
throughout their lifecycle and low possibility of 
adaptation 
e The real reason of death being highly toxicant based 
e No need for specialisation 
e Being types having economical or ecological | e Lack of information in 
importance methods of cultures many 
e Being small-sized, and having a short lifecycle types 
Invertebrates e Getting genetically uniform cultures, standardised | e Possibility in being exposed to 
stock organism the former toxicant during 
lifetime 
e Difficulty in knowing real 
reason of death 
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Table 3 (continued) 


e Understandable toxicant intake, behaviour, and | e Different reaction of different 


reactions types due to physiological 
e Appropriate for monitoring pollution in aquatic differences 
systems e Long lasting test 
Fish e Good precision, realtime analysis e Standardisation problems 
e High amount of sample 
volume 


e Difficulty in knowing real 
reason of death 

e Being affected by environ- 
mental parameters 

e Possibility in being exposed to 
the former toxicant during 
lifetime, giving different 
reactions 


4. DISCUSSION 


Toxicity on which there are many studies carried out worldwide, by analysing the legislative 
regulations especially in Turkey it can be seen that it is not at a sufficient level. While the last 
revision of Water Pollution and Control Regulation was done on 24.04.2011, it has not been revised 
since the addition of toxicity tests into the regulation. In the Turkish Regulation, fish bioassay and 
toxicity dilution factor is the only toxicity monitoring parameter for the permission of effluent 
discharge. The insufficiency determined in the related regulation can be stated as gaps in legislative 
regulations, way of practice, and insufficiency of test organisms used in acute toxicity tests. 

Many of the acute toxicity tests used by Turkish Standards Institute are in English language. 
Furthermore many standards have not been translated into Turkish, however, they should be 
translated into the first language in order to enable those who are interested in this subject to have a 
more active role in these studies. 

In Turkey, where industrialisation is increasing constantly, discharge of effluent of both the 
difficult ones to treat and the ones where more than one type of effluent is mixed, is done after 
conventional treatment. This causes the toxicant to increase its pressure on the recipient 
environment, and the xenobiotics to enter the environment easily. According to Water Pollution 
Control Regulation, with the statement “If found necessary by the related authority, Fish Bioassay is 
checked in investigations” the only parameter that reveals the effect of toxicants on ecosystems may 
be eliminated. 

Environment issues have gained importance in Turkey together with the improvements 
worldwide. Especially in the frame of the EU membership negotiations, Turkey should develop and 
update its legislative regulations on water resources. Having approximately 100 laws and 
regulations, and many organizations and institutions in the management of water resources being 
effective in the issue in our country causes some complications. When our legislative regulations 
are evaluated in terms of acute toxicity, primarily there should be different organisms and 
laboratory studies including protocol use for the evaluation of toxicity. The aim of these studies 
should be obtaining sufficient information on acute toxicity with bioluminescent bacteria that is an 
appropriate bioassay, having the advantage of superseding fish bioassays due to its being more 
ethical for animal welfare, being easy, highly precise, and relatively cheap. As an untouched issue, 
acute toxicity tests should be brought into question by organisations and institutions cooperating 
with universities. Thus, it is foreseen that following the developed countries, improvements in acute 
toxicity determination may occur. 
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Abstract 


A strategy for achieving sustainable delivery of ecosystem services is Ecosystem-Based 
Management (EBM) that addresses the fundamental need to account for cumulative impacts of 
human activities. Saronikos Gulf belongs to the Aegean Sea and provides a wide range of 
ecosystem services, however, the status of certain marine ecosystem components seems to be 
affected by multiple human activities. The aim of this study is to assess the cumulative impacts 
from land-based activities, port infrastructures, aquaculture and small scale fisheries on the 
Posidonia oceanica meadows in the Saronikos Gulf and was conducted under the SEAS-ERA 
MERMAID project. The methodology proposed by Halpern et al. (2007, 2008) as modified by 
Korpinen et al. (2012) was used, taking into account the vulnerability of this habitat to each of the 
stressors using expert judgement (Halpern et al., 2007). The main results indicated that the most 
impacted areas of the P.oceanica meadows are in the inner part of the Gulf, adjacent to the most 
urbanised coastal areas of the Prefecture of Attiki and near port infrastructures. Land-based 
pollution as well as siltation and abrasion of the sea bottom due to shipping and docking activities 
seem to be the main pressures on the meadows. Understanding cumulative impacts is crucial for 
informing policy decisions under an EBM approach. 


Keywords: vulnerability; ecosystem component; seagrass; Aegean Sea. 


1. INTRODUCTION 


Increasing pressure on the marine environment due to human activities has led the European Union 
(EU) to adopt the Marine Strategy Framework Directive (MSFD) aiming at the “Good Environ- 
mental Status" (GES) of EU waters by 2020. The Saronikos Gulf, located in the oligotrophic South 
Aegean Sea, receives the effluents of the city of Athens and is also subjected to a number of 
pressures from the human activities exerted in the area. These pressures seem to have impacts on 
the Saronikos ecosystem [1] and particularly on certain conservation priority habitats, such as the P. 
oceanica (sea grass) meadows [2]. P. oceanica is included in the list of strategic habitats for the 
conservation of biodiversity within the EC Habitats Directive. In this study, conducted in the frame 
of the SEAS-ERA MERMAID project, cumulative impact assessment was applied on areas of the 
Saronikos where P. oceanica meadows exist [3]. These areas are subjected to pressures from 
different human activities, such as small scale fisheries, aquaculture, coastal infrastructures, land- 
based activities, particularly from Athens, the most densely populated city, and Piraeus, the busiest 
port in Greece. This study aims to shed light on areas subjected to high pressures which may lead 
to the degradation of the ecological status of key ecosystem components and emphasizes the need 
for comprehensive monitoring and application of cumulative impacts assessment as the basis for 
implementing effective spatial management plans. 


13^ International Conference on Protection and Restoration of the Environment 437 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


2. MATERIALS AND METHODS 


2.1 Description of the case study area 

The Saronikos Gulf is situated at the South Aegean Sea (northeast Mediterranean) surrounded by 
the peninsulas of Attica at the north and the NE Peloponnese at the south. There are several islands 
and islets in the Gulf, Salamina and Aegina being the most important in terms of size and 
population density. The length of the coastline is ~ 270km, the surface ~ 2.866km? and the mean 
water depth is - 100m. The Gulf is subjected to intense anthropogenic pressures as it is the marine 
border of the cities of Athens with ~5 million inhabitants [4] and Piraeus. Along its northern coast 
(~135km) there are numerous industrial activities including the industrial zone of Athens in the 
Elefsis embayment and Piraeus port, one of the largest in the Mediterranean. In addition the gulf 
receives the treated wastewaters of the aforementioned cities as well as of smaller towns and 
settlements. Two small urbanized rivers (Kifissos and Ilissos), have low base flow due to boxing 
and burial beneath major street arteries and urban development. Several point and non-point 
pollution sources are present in the greater area of the Saronikos Gulf and Elefsis Bay. One of the 
most important point sources is the Athens wastewater treatment plant (WWTP) which is situated 
on the small island of Psittalia and discharges 750000 t dq! [5] treated wastes (secondary treatment 
since 2004) into the inner Saronikos Gulf (ISG) at ~65m depth. Other point sources are spread 
along the coasts and include marinas, touristic facilities and fish farms, while non-point pollution 
sources for the Saronikos Gulf include marine traffic, and possibly the atmospheric deposition of 
pollutants from the adjacent urban areas. Other human activities affecting the ecosystem are the 
extensive modification of the coastline and the overfishing. Most activities have direct input to the 
Gulf's waters while others contaminate the soils or the groundwater affecting the marine 
environment via runoff and/or SGDs. Moreover, it is subjected to an unprecedented introduction of 
alien species, largely due to the area's intense maritime traffic and the Lessepsian (i.e. through the 
Suez Canal) immigration phenomenon, which has been strongly affecting the wider Eastern 
Mediterranean basin during the last two decades [6], impacting mainly small scale fishery catches 
of the Saronikos [7]. The human activities used for the analysis are illustrated in Figure 1. 

P. oceanica meadows are mainly distriduted in the Inner and Outer part of Saronikos Gulf 
while they are absent in the Western part. P. oceanica meadows are among the most important 
coastal habitats in the Mediterranean and as an ecological climax they provide major benefits 
[8].The spatial distribution of P. oceanica is presented in Figure 2. 


2.2 Methodology 

In this study, conducted in the frame of the SEAS-ERA MERMAID project, cumulative impact 
assessment was applied to identify areas of P. oceanica which appear to be under high pressure 
from key human activities/uses. The analysis was based on the assessment of five vulnerability 
measures, proposed by Halpern et al. [9,10] and modified by Korpinen et al. [11], for the specific 
ecosystem component using expert judgment. At first, experts identified which of the human 
activities taken place in the areas of P. oceanica distribution could affect this habitat. These 
activities include small scale fisheries, aquaculture, land-based activities (agriculture, industry, 
urbanization) and coastal defence infrastructures. Spatial data related to human activities/uses in the 
area were used in two ways either with presence/absence data for aquaculture [12], and coastal 
defence infrastructures [13], or indices for small scale fisheries [14] and land based activities [15]. 
The estimation of fishing pressure index from small scale fisheries was based on Multi Criteria 
Decision Analysis (MCDA) methodology which used influential components affecting coastal 
fishing [14]. Land Use Simplified Index (LUST) illustrates the degree of impacts that land use 
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Figure 1. Human activities/uses in Saronikos Gulf (Source: HCMR). 
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Figure 2. Spatial distribution of P. oceanica meadows in Saronikos Gulf (Source: HCMR). 
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activities (agriculture, urbanization, industry) exert on each water body. The application of the 


LUSI index in the Hellenic coastal waters was 
specific GIS software [15]. Data referring to the di 


based on Corine Land Cover 2000 data, using 
stribution of the habitat under study were derived 


from Panayotidis et al. [2]. The results provided cumulative impact scores of combined human 
activities into 1km? pixel of P. oceanica distribution area. The calculated cumulative human 
impacts on P. oceanica were mapped in ArcGIS 10 environment. 


3. RESULTS 


Following the aforementioned methodology, vulnerability scores were assessed according to which 
higher cumulative impacts occurred in the inner Saronikos Gulf and seemed to be connected with 
land based activities and coastal infrastructures (Figure 3). Outcomes indicate the areas where the 
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4. DISCUSSION/ CONCLUSIONS 


This study identified areas that are under significant pressure exerted by existing human activities. 
P. oceanica meadows in the Inner Saronikos are subjected to higher pressures due to the high 
concentration of coastal infrastructures and the effluents received from the Athens metropolitan 
area. Although there are no significant differences in the distribution pattern of P. oceanica in the 
last 30 years [16,2], important human pressures continue to be exerted which could lead to the 
degradation/loss of the specific habitat in these areas. 

According to the results of this study, the P. oceanica meadows of the outer part of Saronikos 
Gulf are not as impacted as in the Inner part. However, the coexistence of significant activities such 
as aquaculture and increase in sedimentation rates in the inner Saronikos Gulf highlights the 
importance of further protection and monitoring of the area, as meta-analysis conducted by Claudet 
& Frascetti [17] has shown that the above stressors constitute major threats for these meadows [18] 
which can lead to high mortality rates and negative effects on phanerogam's morphological 
variables. 

The establishment of effective spatial management plans aiming to mitigate impacts of human 
activities is of paramount importance contributing to the achievement of GES in the area under 
study and constitutes a good example of integration between the goals of the MSFD and the MSP 
Directive. 
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Abstract 


Macrophytes react to changes in the quality of the environment in which they live (water/sediment), 
and they are good bioindicators of surface water condition. In the present study, the content of 
metals Co and Ni were determined in the sediment, water and different organs of macrophytes from 
six localities around Lake Skadar, in four different seasons of year. Aquatic macrophytes that have 
been used as bioindicator species in this study are Phragmites australis (emerged), Ceratophyllum 
demersum (submerged) and Lemna minor (floating). The aim of this study was determining the 
distribution of metals in macrophyte tissues and also to discover the degree of bioaccumulation of 
the investigated metals, depending both on location and season. Content of Co and Ni in the 
examined parts of macrophytes were in the range of 0.11-3.88 mg kg and 1.74-15.6 mg kg" 
respectively. The concentration of investigated metals decreases in the following order: C. 
demersum > L. minor > P. australis. The highest contents of the investigated metal in the organs of 
P. australis and C. demersum were recorded in the beginning and during the growing season. 
Higher concentrations of metals in the tissue of L. minor were observed at the end of the growing 
season. 


Keywords: Skadar Lake; macrophytes; cobalt; nickel; bioindicator 


1. INTRODUCTION 


The rapid evolvent of industrialization and urbanization has led to the pollution of ecosystems by heavy 
metals. Heavy metals are one of the most important and potentially toxic group of chemical 
substances, which may be present in the aqueous medium. Their origin is from natural and 
anthropogenic sources. Natural waters, especially fresh water systems, besides their polluting in 
varying degrees, they are also convicted to a fairly long-term pollution by metals in sediments 
deposited since the early human activity from the Middle Ages [1]. Macrophytes have an inevitable 
role in the overall functioning of the lake. They are also important components of aquatic systems 
because they perform sorption of harmful substances, causes their decomposition and filtration. 
Besided, macrophytes are efficient accumulators of heavy metals [2]. Abilities of water plants to 
accumulate heavy metals are increasingly used to monitor changes arising from environmental 
pollution [3]. An important role of aquatic flora stems from the fact that in the macrophyte tissue 
metal concentrations can be 10? times higher than in the surrounding water [4]. Depending on the 
species, in tissue of macrophytes metals can be present in the quantity of the order or greater than 
those in the nearby sediment [5], and often up to a thousand times higher than the necessary amount 
of metal unimpeded growth and development of plants. 
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Unlike water and sediments, in plants was observed significant changes in the concentration 
of metals depending on the weather. For phyto-management, it is necessary to take into 
consideration seasonal changes of metal concentration in plants[6-8 ]. 

The main purpose of this study was to determine the distribution of metals adopted in some 
parts of macrophytes and differences and degree of bioaccumulation of cobalt and nickel, 
depending on the test plants, their location and season. 


2. MATERIALS AND METHODS 


The aquatic macrophytes which are used as indicator species in this study are: Phragmites 
australis, Ceratophyllum demersum and Lemna minor taken from six locations around Lake 
Skadar, Montenegro. The locations are: the left and right estuary of the Moraca River, Rijeka 
Crnojevica, Plavnica, Radus and Crni Zar. The samples were collected during four separate 
periods in 2011. The samples of P. australis and C. demersum were collected four times during 
2011 at six locations. The samples of L. minor were collected in two time periods, in August and 
October, from four locations. Samples of sediment and water were taken at the same time and 
from the same places as where the plant material was taken. 

The plant material was separated in the laboratory into the root, stem and leaf of P. australis, 
the stem and leaf of C. demersum and the root and leaf of L. minor with the intention of 
determining the bioaccumulation of the plant in each organ. The plant material then was dried at 
75°C over a 48 hour period. The samples were grinded to a fine powder and homogenized. The 
samples were mineralized to avoid the influence of the matrix. The prepared plant samples were 
mineralized in a Milestone Microwave Ethos 1, with a mixture of HNO; and H20; (3:1). 

Sediment samples were air dried and then were dried at 75°C over 48 hours. The dried 
sediment samples were chopped in an agate mortar and sieved through a sieve «1.5 mm. The 
sediment samples were mineralized with a mixture of HCl: HNO; (3:1) in a microwave furnace, a 
Milestone Microwave Ethos 1 [9]. The water samples were filtered through a 0.45 um Millipore 
filter and stored in 1L plastic bottles with the addition of 2 mL of HNO3. 

Determining the concentration of Co and Ni in the samples of water, sediments and plants 
was conducted by ICP-OES technique on a “Spectro Arcos” device. 

The capacity of plants to absorb and accumulate metals from the growth media was evaluated 
using their bio-concentration factor (BCF). BCF was calculated as the ratio of the concentrations of 
metals in part of plant and water: BCF = [Metal] part of plant /[ Metal] water [10]. The ability of plants to 
transport metals from the roots to the shoot parts was assessed by the translocation ability (TA). 
Translocation ability is calculated as the ratio of the concentrations of metal in the part of the plant 
and its root: TA-[Metal]pa of the pian [Metal];oo, and for Ceratophyllum demersum as the ratio of metal 
concentrations in the leaf and stem: TA=[Metal ]jea¢/[Metal ] stem [11]. 


3. RESULTS 


The middle values of Co and Ni concentration in water and sediments of Skadar Lake with six 
test locations are given in Table 1. 

These are recorded the low metal content in water. During the research period there were no 
seasonal variations means concentrations of metals in the water of Lake Skadar. There are significant 
spatial variations in the results as reflected in the high standard deviation. 

During the research period (April-October), there are not recorded statistically significant 
temporal variation of the concentration of metals in the sediment, but they are spacious. The highest 
concentrations of Co and Ni were observed in samples of sediments left the mouth of the Moraca 
river, and the least were in sediments of Radus. 
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Table 1. The seasonal minimum and maximum concentrations of metals in water (ug dm?) 
and sediment (mg kg ') and the mean concentration + standard deviation 


Metal April June August October 
Water 

Co min-max 0.24-0.81 0.21-0.69 0.38-0.84 0.32-0.91 
mean + s.d. 0.52+0.22 0.49+0.19 0.57+0.26 0.56+0.31 

Ni min-max 0.28-0.89 0.37-0.96 0.38-0.98 0.43-1.08 
mean + s.d. 0.71+40.38 0.68+0.30 0.71+40.27 0.74+0.38 

Sediment 

Co min-max 6.31-10.1 5.73-12.9 5.28-13.2 5.12-12.6 
mean + s.d. 8.96+42.52 9.02+2.94 8.7643.13 9.18+3.08 

Ni min-max 29.3-131 34.8-110 30.1-113 34.6-125 
mean + s.d. 79.0+44.3 73.1436.3 74.5+40.6 83.4+47.6 


These are recorded the low metal content in water. During the research period there were no seasonal 
variations means concentrations of metals in the water of Lake Skadar. There are significant spatial 
variations in the results as reflected in the high standard deviation. 

During the research period (April-October), there are not recorded statistically significant temporal 
variation of the concentration of metals in the sediment, but they are spacious. The highest 
concentrations of Co and Ni were observed in samples of sediments left the mouth of the Moraca 
river, and the least were in sediments of Radus. 


3.1 Time and spatial variation of content of heavy metals in macrophytes of Lake Skadar 
Results of metal content in individual parts tested macrophytes and seasons are given in Table 2. 

Table 3 shows average values of Bioconcentration seasonal factors, BCF (whole plant/ 
water) of Co and Ni, by time and space and middle seasonal values of translocation factor, for 
the test macrophytes. 


3.1.1. Cobalt (Co) 

The concentration of Co in the analyzed macrophytes and their bioaccumulative ability are 
decreasing in the following order: L. minor > C. demersum > P. australis. In various macrophytes 
were observed different periods of the season of their greatest Co-accumulation. The highest 
concentrations of Co in P. australis were recorded in August, C. demersum in April a minor in 
October. During the season, the highest concentrations of Co were recorded in the roof of P. 
australis (5,57 mg kg’), in the leaf of C. demersum (5,82 mg kg”) and in the roof of L. minor (5,60 
mg kg’). Looking middle seasonal values, the highest content of Co was at the root of L. minor, and 
the lowest in the stem of P. australis. 

Translocation of cobalt in the P. australis is low. The average concentration ratio of Co 
stem/root during a test of the season is 0.05. Bonanno (2011) was found relatively low translocation 
of Co through the organs of P. australis (TF<0.07). Assia et al. (2004) in P. australis find similar 
relationship stem/root (TA = 0.03). However, cobalt is one of the most toxic metals, and the fact 
that generally the root absorbed Co, may mean that the root acts as a filter for an adverse effect on 
other organs plant [14]. 
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Table 2. Seasonal changes in metal concentrations (mg kg’ of dry matter) in particular parts of 
macrophytes; minimum and maximum value and the mean concentration value + 
standard deviation 


Minimum and maximum value 


Part od Mean value + standard deviation 
Metal plant April June August October 
Phragmites australis 
root 0.40-0.90 0.20-2.96 3.86-8.20 2.58-5.40 
0.60+40.19 1.34x1.03 5.5741.98 3.7141.03 
Co stem 0.04-0.09 0.05-0.13 0.07-0.29 0.04-0.24 
0.06+0.02 0.09x0.04 0.16+0.09 0.14+0.08 
leaf 0.08-0.24 0.12-0.40 0.19-0.92 0.18-0.98 
0.14+0.06 0.20+0.10 0.41+0.26 0.46+0.28 
root 0.89-7.79 3.54-9.19 5.02-13.5 3.78-10.7 
4.3842.91 6.50x2.59 9.8143.32 8.0043.00 
stem 0.49-2.28 1.09-2.29 1.49-3.58 1.28-2.20 
Ni 1.02+0.68 1.81+40.48 2.42+0.74 1.72x0.35 
leaf 0.30-2.16 0.50-2.39 1.09-2.96 1.96-4.46 
1.31+40.65 1.52x0.72 2.11+40.61 3.00x1.08 
Ceratophyllum demersum 
stem 1.78-5.78 0.69-2.75 1.09-3.29 0.69-1.79 
Co 3.0341.52 1.43+0.71 2.01+0.80 1.19x0.41 
leaf 2.06-7.63 1.48-3.86 1.68-5.18 1.48-5.24 
5.82x2.06 3.14+1.01 3.65x1.28 2.92x1.56 
stem 3.68-12.6 3.77-12.8 4.08-14.9 4.20-11.8 
Ni 7.9143.97 7.2343.83 7.7344.20 6.52+2.90 
leaf 9.04-26.2 6.48-22.0 8.73-26.1 9.35-28.5 
16.17.52 13.65.48 17.146.69 15.447.24 
Lemna minor 
root 2.63-8.78 3.28-8.53 
Co 5.1342.67 5.6042.54 
leaf 1.89-4.84 2.57-7.39 
3.62x1.26 5.1142.28 
root 7.69-18.9 7.33-17.6 
Ni 11.345.18 11.644.64 
leaf 5.00-9.76 7.38-20.0 
7.5542.25 11.445.93 


Table 3. Mean annual values of BCF for Co and Ni in the organs examined macrophytes (whole 
plant), with respect to water and mean annual values translocation factor, T 


Phragmites australis Ceratophyllum Lemna minor 
Metal demersum 
BFC whole plant/water 
Co 1981 5361 9009 
Ni 5113 16092 14760 
Translocation factor 

T leaf/root Tieaf/stem Tieaf/root 
Co 0.11 2.03 0.81 
Ni 0.28 2.11 0.82 
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Al-Rahab (2006) followed the seasonal (monthly) changes of the concentration of Co in 
the tissues of C. demersum, which are somewise different from the results of our work. He was 
find an increase in concentration from January to June, then it decreases until August and 
September, then rises again until October and November, when it reaches a maximum, and finally 
decreases to December. Compared to other seasons, the highest bioconcentration has been recorded 
in the summer. 

It is not completely clear which part of the Co content in the leaf of L. minor is present due to 
translocation from the roots and which from the absorption of water. However, due to higher 
concentrations of metals in the roof, it is likely to dominate the translocation process. 


3.1.2. Nickel (Ni) 

Content of Ni decreases in the following order: C. demersum > L. minor > P. Australis, watching the 
entire plant. Respectively, decreases the ability of plants Bioconcentration. The greatest amount of Ni 
(17,1 mg kg” is present in the leaves of C. demersum in August, and the lowest in the stem of P. 
australis (1,02 mg kg") in April. Seasonal distribution of Ni in plants is different. At P. australis Ni 
content increases and than falling to October. In C. demersum Ni content decreases from April to 
June, rising until August and than falling to October. Ni content in L. minor root changes significantly 
from August to October while in the leaf, for the same period, increases remarkably. The translocation 
of Ni in plants is also different. In P. australis, Ni mainly remains in the root, in C. demersum most 
part is translocated from the stem in the leaf, whereas in L. minor at the end of the season almost 
equal amounts of this metal are at the root and in the leaf. Mobility Ni in plants varies between 
species, from mobile in some plants [16,17] to the immobile in other [18]. In our testing of P. 
australis, the ratio of leaf/root and the stem/root is about 0.25, depending on the season, which is in 
correlation with the findings of other authors [19,20]. In contrast to the mentioned, Keller et al. (1998) 
and Baldantoni (2004) cite the ratio of leaf/root 0.03 and 0.02, respectively. 

The content of Ni in the stem and the leaf of C. demersum slight decrease from April to June, 
rise until August and then again falling until October. Al-Rakabi (2006) also follows the seasonal 
(monthly) changes of the concentration of Ni in the tissues of C. demersum which shows a different 
trend compared to the results of our work. 

Similar values of Ni content throughout the whole plant L. minor, which are similar to our 
own, find by Iram et al. (2012). This amount, according to these authors was 1-15 mgNi kg”. 
Khellaf and Zerdaoui (2009) report that the L. minor is tolerant to 3 mg dm? Ni in an aqueous 
medium, but the optimum growth is initiated on the 0.5 mg dm". Zayed (1998) demonstrates that 
even a small amount of Ni accumulates in the tissues L. minor (1.79 g kg 5, rom the medium 
containing 10 mgNi dm”. However, Axtell et al. (2003) talk about the benefits of duckweed in the 
accumulation of Ni. 


4. CONCLUSIONS 


Content of Co in the examined parts of macrophytes were in the range of 0.04-8.78 mg kg”. The 
concentration of Co decreases in the following order: L. minor > C. demersum > P. australis. Content 
of Ni in the examined parts of macrophytes were in the range of 0.30-28.5 mg kg”. The concentration 
of Ni decreases in the following order: C. demersum > L. minor > P. australis. In tissues P. australis 
and L. minor, cobalt and nickel are accumulated in the root for the most part, while in the tissues of 
C.demersum these two metals are largely found in stem. Cobalt and nickel are poorly mobile trough 
the bodies of P.australis and L. minor, while in C. demersum they showed considerable mobility from 
stem to leaf. The highest contents of the investigated metal in the organs of P. australis and C. 
demersum were recorded in the beginning and during the growing season. Higher concentrations of 
metals in the tissue of L. minor were observed at the end of the growing season. 
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Abstract 


Cadmium (Cd) is one of the metals that have irrefutable negative effect to biota. The purpose of the 
study were: (1) to determine the 96-hour LCso of Cd to rainbow trout Oncorhynchus mykiss 
embryos and larvae; (2) to investigate the toxic effect of Cd (2 ug Cd L as CdCLb:H5O0) on 
biological parameters of rainbow trout in early ontogenesis (embryos and larvae) in relation with 
the duration of exposure; and (3) to evaluate geno-cytotoxicity potential in erythrocytes of the fish 
embryos and larvae exposure to Cd. Bioassay testing was conducted under controlled laboratory 
conditions. The 96-hour LCs, values of Cd were determined to embryos and larvae. Chronic test on 
fish at early stages of development (starting from “eye-egg” embryos 12-day before hatching and 
continued 12-day after hatching and including hatching period) was performed under static 
conditions. Several endpoints including mortality; function of the cardio-respiratory system; 
developmental disorders; hatching rate and cytogenetic damage [micronucleus (MN) and other 
nuclear abnormalities (NA) assays] in embryos and larvae were investigated. Cadmium at sublethal 
concentration showed a negative effect on the biological parameters of embryos and larvae which is 
related to the duration of exposure. Various developmental disorders were observed. Long-term 
exposure of embryos to Cd induced significant formation of MN and pooled cytotoxicity and 
caused significant increase of all geno-cytotoxicity endpoints analyzed in larvae erythrocytes. This 
is the first reported attempt to estimate different biological impacts on fish in early ontogenesis and 
herewith is an important step in understanding the Cd toxicity and geno-cytotoxicity mechanisms. 


Keywords: cadmium; fish; embryos; larvae; toxicity; geno-cytotoxicity 


1. INTRODUCTION 


Heavy metal cadmium (Cd) is widely used in various modern industrial fields electroplating and 
galvanization processes in the production of pigments in batteries, as a chemical reagent, and in 
miscellaneous industrial processes and agriculture [1, 2]. Nanotechnology poses yet another risk for 
toxic Cd, which will now enter the biological realm in a nano-form [3]. The nanocrystal cores of 
many types of nanoparticles are miscible in water and contain the toxic metal Cd, so possible 
release of Cd from the nano-form cores presents an environmental concern [4]. 

Cd toxicity in different freshwater fish species has been extensively investigated by various 
scientists. Some authors demonstrated the morphological, physiological, hematological, 
biochemical and immunological changes in adult fish (Clarias gariepinus, Oreochromis 
mossambicus) experimentally treated with Cd [5, 2]. In addition, the Cd toxicity effects in 
developing fish may serve as important bioindicators for this type of pollution [6-9]. 

Cd has been reported to exert deleterious effects of nephrotoxicity, cytotoxicity, mutagenicity, 
genotoxicity, immunotoxicity, as well as, clastogenic, teratogenic, carcinogenic impacts in fish [10- 
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13, 6]. Cd that enters aquatic environments accumulates within the tissues of aquatic organisms. 

The accumulation in the organisms depends on the concentration, route of absorption, 
environmental conditions and other intrinsic factors [14]. Cd has numerous adverse effects in fish 
reproductive processes, such as sexual maturation, spermatogenesis, fertilization success and 
development of the embryonic and post embryonic stages [15]. During the acute exposure of Cd, 
the freshwater fish showed some abnormal activities like erratic swimming, equilibrium loss and 
enhanced surfacing behavior [16]. Moreover, it has adverse effects on cellular defense systems and 
enzymes induce lipid peroxidation, DNA strand breaks, chromosome aberrations, disruption of 
DNA repair, and apoptosis [10, 11, and 13]. 

The molecular mechanisms underlying Cd toxicity and their specific effects on fish are poorly 
understood [7]. Cd in ionic form gain entry into cells by simple diffusion or through membrane 
carriers and ion channels [15]. According to Bougas and co-authors [7] this metal can affect the 
transcription level of genes involved in iron metabolism, vitamin metabolism, blood coagulation, 
and calcium transport. 

In recent years, early fish development studies have gained interest amongst researchers 
because of their high sensitivity to pollutants and their ecological relevance [15]. Our research 
focuses on nanoparticle (quantum dots) and heavy metal toxicity mechanisms in developing fish, in 
particular, the Cd toxicity and geno-cytotoxicity effects in early fish development. The 
comprehensive investigation of biological impacts in early fish development is an important step in 
understanding the Cd toxicity and geno-cytotoxicity mechanisms. 

The main aims of the study were: (1) to determine the 96-hour LC» of Cd to rainbow trout 
Oncorhynchus mykiss embryos and larvae; (2) to investigate the toxic effect of Cd (2 ug Cd/L as 
CdCl,°H2O) on biological parameters in early development in relation to the duration of exposure; 
and (3) to evaluate geno-cytotoxicity potential of Cd in erythroblasts of the fish embryos and larvae. 


2. MATERIALS AND METHODS 


2.1 Test-object 

The toxicity study was performed at the Laboratory of Ecology and Physiology of Hydrobionts 
(Nature Research Centre). Rainbow trout (Oncorhynchus mykiss) embryos were obtained as eyed 
eggs from the Simnas experimental hatchery (Alytus District, Lithuania). 


2.2 Bioassay testing 

Bioassay testing was carried out under controlled laboratory conditions. The tests on fish embryos 
and larvae were performed accordance with guidelines presented in ISO standards (ISO 7346- 
1:1996, ISO 12890:1999). Studies have been carried out with non-protected life-stages accordance 
with EU Directive 2010/63/EU. Acute test (96-hour) on fish at early stages of development [starting 
from “eye-egg” embryos (96-hour before hatching) - the first test; hatched larvae at hatching period 
— the second test (the first test continue); and starting from 1-day old larvae - the third test] were 
performed under semi static conditions. Control water and test solutions in aquaria were 
additionally aerated/changed at 24-hour intervals. Chronic tests: 12-day (starting from “eye-egg” 
embryos 12-day before hatching) on embryos and 24-day (starting from “eye-egg” embryos 12-day 
before hatching and continued 12-day after hatching and including hatching period) on larvae were 
performed under static conditions. All tests were performed in the climatic camera (Bronson PGC- 
660, Germany). Studies with embryos and larvae were performed in two replications (N = 20 in 
each group). 
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2.3 Water chemical and physical characteristics 

Deep-well water was used for dilution and control test [17]. Dissolved oxygen in the glass aquaria, 
temperature, pH and conductivity were measured routinely with a hand-held multi-meter (WTW 
Multi 340i/SET, Germany). 


2.4 Tests-parameters 

Biological parameters as mortality, physiological (cardio-respiratory), such as heart rate (HR, 
counts/min), gill ventilation frequency (GVF, counts/min), hatching rate (96), blood circulatory 
system development disorders (96) of embryos and larvae were investigated. Blood circulation 
system was viewed using stereomicroscope (Meiji Techno RZ Series, Japan), and observed 
abnormalities and lesions were registered by Nikon Cool pix 995 digital camera (Japan). The 
number of hatched eggs and the mortality of embryos and larvae were monitored and recorded 
daily. Other parameters of embryos and larvae were monitored and recorded after 1, 4, 8 and 12 
days. Mortalities and hatching rates were then recorded during hatching period (1-6-day). Total 
number of eggs in each treatment was 20 fertilized eggs (two replications). Unfertilized eggs were 
approximately 2%. 


2.5 The concentration of Cd 

Reagent grade cadmium chloride (CdCl;:H?0) («REACHIM» Company, Russia) was used as the 
toxicant and stock solutions were prepared by dissolving a necessary amount of salts in distilled 
water. The concentrations in acute test were 0.5; 1.0; 2.0; 4.0; 8.0 ug Cd/L. The concentration of 2 
ug Cd/L was chosen according to the 96-hour LC50 for rainbow trout larvae (Table 1). Nominal Cd 
concentrations were checked with an atomic absorption spectrophotometer (SHIMADZU AA-6800, 
Japan). Mean measured concentrations were within 596 of target [17]. 


2.6 Micronucleus (MN) and nuclear abnormalities (NA) assays 

Induction of micronuclei (MN), nuclear buds (NB), bi-nucleated (BN), fragmented-apoptotic (FA) 
cells were analysed in erythroblasts of embryos and larvae. Cell smears were prepared from whole 
embryos and larvae (with removed yolk sac) body (gently nipped with tweezers): directly smeared 
on glass slides and air-dried. Smears were fixed in methanol for 10 min. and later were stained with 
10 % Giemsa solution in phosphate buffer pH = 6.8 for 20 - 40 min. The stained slides were 
analysed under light microscopes Olympus BX51 at final magnification of 1,000x. Micronuclei and 
other NA were identified following criteria described by Fenech et al. [18]. The frequencies of 
abnormalities were recorded in 1,000 erythroblasts per slide using blind scoring by a single 
observer. 


2.7 Statistical analyses 

The 96-hour Median-Lethal-Concentration (LC50) values and their 95 % confidence intervals were 
estimated using the trimmed Spearman-Karber method [19]. Means and standard deviations were 
calculated for embryos and larvae to each studied parameter. Differences between the evaluated 
characteristics studied were tested by two-way ANOVA at p « 0.05 using Statistica 7.0 software's 
(USA). Pearson correlation analysis was performed to identify possible relationships between 
biological parameters of embryos and larvae and the duration of exposure. Micronucleus and 
nuclear abnormalities assays were evaluated by non-parametric Mann-Whitney U-test (GraphPad 
Prism 5, USA). Differences were accepted as significant at the 9596 level of confidence (p « 0.05). 
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3. RESULTS AND DISCUSSION 


3.1 Acute toxicity 

Mortality of embryos/larvae increased with increasing Cd concentration. The highest mortality of 
embryos was observed at 8 ug Cd/L, where 97.5 % embryos died during exposure period (first test). 
In the exposure period 96-hour at 4 ug Cd/L 90 % of hatched larvae (second test) and 89 % of 
larvae (third test) were dead (Table 1). The calculated 96-hour LC50 values of Cd for rainbow trout 
embryos/larvae were: 3.32, 1.14, and 2.23 ug Cd/L, respectively. The larvae were consistently more 
sensitive than the embryos. The most sensitive were hatched larvae. 

Eaton with co-authors [20] found that concentrations ranging from 4 to 12 ug Cd/L were fatal 
to the embryos and larvae of freshwater fish. Fish at early stages of development are more sensitive 
to toxicants [21]. The larvae were consistently more sensitive than the embryos [20]. Jezierska and 
co-authors [14] indicated that hatching is a particularly sensitive developmental period. The 
difference in sensitivities is most likely due to a chorion protecting the embryonic fish [21]. During 
embryonic development, the embryos are protected by the egg shell and so the chance of metals 
entering into the egg is relatively small [14]. 


Table 1 Acute toxicity of Cd to rainbow trout in early life stages 


Test Rainbow trout 96-hour LC50 0.95 confidence 
(Oncorhynchus mykiss) (ug Cd/L) interval 

(ug Cd/L) 

First (start from eyed embryos Eye-stage embryos 3:32 2.67-4.13 
96-hour before hatching) 

Second (continuous first test Hatched larvae 1.14 0.72-1.56 
included hatching period) 

Third (start from 1-day old Hatched larvae 2.23 1.78-2.79 

larvae) 


3.2 Chronic toxicity 


3.2.1 Mortality 
The concentration of 2 ug Cd/L induced a significant (p < 0.05) increase in mortality of embryos 
(chronic test 12-day) after 1-, 4-, 8- and 12-day of exposure, ranging from 6.4 + 1.1 % to 15.5 € 1.7 
% (in control mortality was from 0.0 + 0.0 96 to 5.2 + 0.6 96). Mortality of embryos significantly 
increased (p « 0.05) with the exposure duration (12-day) compared to the 1-day exposure (Table 2 
and Figure 1a). 

Treatment with 2 ug Cd/L had profound effects on the overall health conditions of the larvae 
(chronic test 24-day). After 1-, 4-, 8- and 12-day exposure the mortality of larvae significant 
increased (p < 0.05) to 25.8 + 1.2; 36.7 + 4.7; 49.2 + 13.0; 49.2 + 13.0 %, respectively, compared to 
the control (control respective values 0.0 + 0.0 to 2.5 + 3.5 %; Table 4 and Figure 1a). Mortality of 
larvae significantly increased (p < 0.05) with the increase in the exposure duration (4-, 8- and 12- 
day) compared to the 1-day exposure (Table 3 and Figure 1a). 

Mortality of embryos and larvae of various fish species due to Cd exposure has been reported 
before. Mortality was observed in embryos and pro-larvae of Silurus soldatovi exposed to various 
concentrations of Cd [22]. According to Ismail and Yusof [23], exposure of fertilized eggs of 
Oryzias javanicus to 100 ug Cd/L completely inhibited development and resulted in death of all 
embryos. Cd was also observed to cause higher mortality of newly hatched larvae than embryos 
[14] 

Table 2 Chronic effect of Cd on rainbow trout embryos mortality and HR 
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in relation with the duration of exposure (mean + SD) 


Exposure Parameters 
days Mortality HR 
% (N = 38) counts/min (N - 20) 
Cd (2 ug Cd/L) 
1 6.4 € 1.1*# 77.6 € 6.5*# 
4 6.4 + 1.1*# 78.8 + 5.3*# 
8 9.1 +2.8*# 85.2 + 6.5* 
12 15.5 + 75 88.0 + 5.7* 
Control 

1 0.0 + 0.0 95.2 + 6.5 
4 0.0 + 0.0 94.4 t 6.3 
8 5.2 + 0.6 05.2-E2:5 
12 5.2 + 0.6 96.04 3.3 


* Significantly different from control (p < 0.05); # Significantly different between the duration of 
exposure compared with the 12-day exposure (p « 0.05) 


Table 3 Chronic effect of Cd on rainbow trout larvae in relation with the duration of exposure 


(mean + SD) 


Exposure Parameters 
days Mortality GVF HR 
% (N = 37) counts/min (N - 20) counts/min (N - 20) 
Cd (2 ug Cd/L) 
1 25.8 + 1.2* 88.0 + 6.5* 97.6 + 5.7* 
4 36.7 + 4.7*# 97.2 + 7.6*# 93.2 + 8.4* 
8 49.2 + 13.0*# 118.4 + 4.2*4 97.6 + 9.6 
12 49.2 + 13.0*# 127.6 + 6.2*# 116.8 + 7.3*# 
Control 
1 0.0 + 0.0 104.8 + 6.5 109.6 + 5.4 
4 0.0 + 0.0 108.0 + 6.5 106.0 + 3.9 
8 2.53.5 110.0 + 6.4 104.0 + 4.1 
12 25 3:5 113.6 + 7.41 109.6 + 6.3 


* Significantly different from control (p < 0.05); # Significantly different between the duration of 
exposure compared with the 1-, 2-, 4-day exposure (p « 0.05) 


3.2.2 Cardio-respiratory parameters 


The concentration of 2 ug Cd/L significantly decreased heart rate (HR) of embryos during the entire 
test (chronic test 12-day) (Table 2, Figure 1b). HR of embryos during 12-day exposure was within 
the range 77.6 + 6.5-88.0 + 5.7 counts/min (in control 96.0 + 3.3 counts/min). HR of embryos 
exposed to only 1- and 4-day Cd was significantly (p < 0.05) different from 12-day exposure. 

Cd induced a significant (p < 0.05) decrease in HR of larvae during 1- and 4-day (chronic test 
24-day) and were within the range 93.2 + 8.4—97.6 + 5.7 counts/min (Table 3, Figure Ic). 
Meanwhile, after 12-day exposure HR of larvae significantly increased (p < 0.05) to 116.8 + 7.3 
counts/min as compared to control (109.6 + 6.3 counts/min) (Table 3, Figure 1b). It was found that 
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HR of larvae significantly (p « 0.05) increased only on the 12-day of exposure (compared with 
stable HR during the 1-, 4- and 8-day exposure). 

Significantly (p < 0.05) decreased gill ventilation frequency (GVF) of larvae after 1- and 4-day 
of exposure of 88.0 + 6.5, 97.2 + 7.6 counts/min, respectively (in control 104.8 + 6.5; 108.0 + 6.5 
counts/min) (Table 3 and Figure 1d) was observed (chronic test 24-day). After 12-day exposure 
GVF of larvae significantly increased (p < 0.05) to 127.6 + 6.2 counts/min comparing to control - 
113.6 + 7.4 counts/min. It was found that respiratory parameters of larvae were significantly (p < 
0.05) related to the duration of exposure. GVF of larvae was significantly induced (p « 0.05) with 
the increase in the duration of exposure (Table 3, Figure 1c). 

The Pearson correlation analysis of mortality, HR, GVF and the duration of exposure (1-, 4-, 8- 
and 12-day) of embryos and larvae showed a positive correlation. Strong correlation between 
mortality and the duration of exposure of embryos (r = 0.88) and larvae (r = 0.77); between HR and 
the duration of exposure of embryos (r = 0.60) as well as larvae (r = 0.61); and between GVF and 
the duration of exposure of larvae (r 2 0.92) were found. 

According to Reddy and Reddy [24] cadmium chloride caused negative effects on opercular 
beats/minute of Catla catla. The differences between means of opercular beats of exposed and 
control fish were highly significant at 24, 48, 72 and 96 hours exposure periods. It was pointed that 
Cd induced gill necrosis in fish, which may also be a cause of decrease in oxygen consumption and 
increase in ventilation frequency [24]. Jezierska et al. [14] study revealed that Cd exposure caused 
an increase in HR of embryos and larvae of common carp and grass carp. HR is a reliable indicator 
of metabolic rate in embryos [14]. 


3.2.3 Developmental disorders 
In our study, 8-day exposure of rainbow trout eyed embryos (test started 12-day before hatching) to 2 
ug Cd/L resulted in visible embryonic haemorrhage in the head area ~14 + 1.4 % that was signi- 
ficantly different (p « 0.05) from control (Figure 2a). Meanwhile, even after 4-day exposure of larvae 
to the same concentration of Cd various developmental disorders were found (Figure 1a, b, c and d). 
During 4- and 12-day blood clot was the most visible in larval head area and in other parts of the 
body: around the eyes, in the yolk sac or in the dorsal fin (29 + 1.4 % larvae, significantly different (p 
< 0.05) from control (Figure 2b). Spine curvature deviations ~5 + 1.4 % (Figure 2c) and yolk sac 
edema ~6.5 + 2.1 % (Figure 2d) were observed in larvae of rainbow trout (in control 2.5 + 3.5 96). 
Malformations of the yolk sac and curvature in the abdominal region were also observed 
throughout El-Greisy and El-Gamal [25] study. The impact of heavy metals was the most 
pronounced during the hatching process of common carp. Embryonic deformations in common carp 
like spine curvature, incomplete eye pigmentation, lack of tail, lack of head were the most 
commonly observed. The newly hatched larvae showed severe body malformation, and they were 
not able to swim or feed [25]. Sublethal effects in fish, notably malformation of the spine, have 
been reported [6]. More specifically, Cd affected genes involved in the blood coagulation cascade, 
calcium ion binding and apoptosis [7]. 


3.2.4 Hatching rate 

The percentage of egg hatching rate was recorded during the hatching period (1-6-day) (Table 4, 
Figure 1d). The hatching rate in the larvae was significantly (p < 0.05) lower for the treated group 
when compared with control. Meanwhile, the duration of exposure and larvae hatching period had 
significantly (p < 0.001) correlated (r = 0.95). 

The El-Greisy and El-Gamal [25] study indicated that the fertilization and hatching rates as 
well as the development of the embryos of common carp were adversely affected by heavy metal 
treatment. The percentage of fertilization and hatching rates and deformed eggs were recorded 96- 
hour post-hatching. When compared to the control group, it was found that the both rates in the larvae 
treated with 0.03 and 0.06 mg of CdCl,/L had decreased. Fertilization and hatching rates decreased in 
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relation to the increase in the concentration of the heavy metals [25]. Other investigators observed the 
acceleration of larvae hatching after exposure to a high concentration of Cd (0.2 mg Cd/L or higher) 
[14, 26]. Thus it is possible that Cd damaged the hatching glands, disturbed the egg envelope 
hardening, and could act as an additive activator of chorionase (due to the chemical similarity of Cd 
and calcium) or oxygen deficit in water could cause the acceleration of hatching [26]. 


Table 4 Effect of Cd on the hatching rate (1-6-day during hatching) in rainbow trout eggs 


Experimental Hatching rate (%) 
trials 1-day 2-day 3-day 4-day 5-day 6-day 
Cd 0.040.0 | 3.6+5.1 22.6+8.4* 53.6+5.1* 59.9+6.2* 62.7+2.2* 
Control 2.443.4 | 5.2+0.6 63.9+3.9 89.741.8 94.8+0.6 94.8+0.6 


* Significantly different from control (p < 0.05) 


m 
© 


OMN ENB @FA+BN ek 


NA/1000 erythrocytes 


om NR WwW MAN SS OS 


Control Cd Control 


Embryos Larvae 


Figure 1. The frequency of micronuclei (MN), nuclear buds (NB) and fragmented-apoptotic 
(FA) + bi-nucleated (BN) cells in erythroblasts of 4-day embryos and larvae. 
Differences between control and exposed groups shown: *p < 0.05; **p < 0.005. 


3.2.5 Micronucleus (MN) and nuclear abnormalities (NA) assays 

Cd exposure caused both genotoxic and cytotoxic effects during developmental periods of rainbow 
trout (Figure 1). After 96-hour exposure to Cd, significant elevation of MN and pooled cytotoxicity 
(bi-nucleated (BN) + fragmented-apoptotic (FA) cells) were detected in the embryo erythroblasts. 
Micronuclei and NB frequencies increased approximately 4 times, pooled cytotoxicity increased 6 
times compared to the control levels. The long-term exposure of larvae to Cd significantly induced 
the formation of MN, NB and pooled cytotoxicity (Figure 2 g-j). Micronuclei, NB and pooled 
cytotoxicity frequencies increased approximately 8, 5, 11 times, respectively compared to control 
level. This study confirms that the MN and NA assays can be used successfully to detect Cd 
genotoxicity and cytotoxicity in erythroblasts from whole embryos and larvae. 
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Figure 2. Development disorders induced by Cd: (a) haemorrhage in embryos, (b) blood clot in 
head, (c) spine curvature, (d) yolk sac edema of embryos and larvae of rainbow trout 
during exposure of Cd (chronic tests 12-, 24-day), (e) normal embryos, (f) normal 
larvae; larvae erythroblasts with (g) micronucleus (MN), (h) nuclear bud (NB), (i) 
fragmented-apoptotic (FA) erythroblast, (j) bi-nucleated (BN) erythroblast. 


3.2.5 Micronucleus (MN) and nuclear abnormalities (NA) assays 

Cd exposure caused both genotoxic and cytotoxic effects during developmental periods of rainbow 
trout (Figure 1). After 96-hour exposure to Cd, significant elevation of MN and pooled cytotoxicity 
(bi-nucleated (BN) + fragmented-apoptotic (FA) cells) were detected in the embryo erythroblasts. 
Micronuclei and NB frequencies increased approximately 4 times, pooled cytotoxicity increased 6 
times compared to the control levels. The long-term exposure of larvae to Cd significantly induced 
the formation of MN, NB and pooled cytotoxicity (Figure 2 g-j). Micronuclei, NB and pooled 
cytotoxicity frequencies increased approximately 8, 5, 11 times, respectively compared to control 
level. This study confirms that the MN and NA assays can be used successfully to detect Cd 
genotoxicity and cytotoxicity in erythroblasts from whole embryos and larvae. 

The micronucleus assay is the most widely used assay for the detection of chromosomal 
aberrations and other genotoxicological endpoints in vivo. Increased frequencies of micronucleated 
and binucleated cells in fish tissues exposed to Cd were recorded by many authors [11, 27]. Güner 
and Muranli [28] reported significant elevation of total nuclear abnormalities (notched, lobed, bud, 
fragmenting) in erythrocytes of Gambusia affinis following exposure to 0.1 ppm and 1 ppm of Cd 
for one and two weeks. Chronic exposure to CdCl, (0.37 and 0.62 mg/L) induced elevated 
formation of micronuclei and other nuclear abnormalities (nuclear bud, binucleates, lobed, notched 
and vacuolated nuclei) in peripheral blood erythrocytes of fish Labeo rohita [27]. Cd induced cell 
death by apoptosis was determined in rainbow trout hepatocytes [29]. 
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Several investigations have demonstrated that embryo or larvae life stage responds to known 
DNA damaging agents. DNA damage caused by Cd in early fish development was emphasized in 
several fish species. The genotoxicity potential of Cd in the sediments (from 1.9 ug/g) on Japanese 
medaka (Oryzias latipes) embryos, of CdCl, (0.112 - 11.2 mg/L) on embryonic zebrafish cells ZF4 
and of CdCl; (0.1 uM) on O. latipes larvae was investigated by Barjhoux et al. [30], Pereira et al. 
[31], Morin et al. [32], respectively. Risso-de Faverney with co-authors [32] determined that Cd 
induced apoptosis and DNA strand breaks in trout hepatocytes that are partially provoked by the 
generation of ROS. According to Hsu et al. [33] study, Cd at sublethal levels induced oxidative 
stress in zebrafish (Danio rerio) embryos. Consequently, oxidative stress and DNA repair inhibition 
are major mechanisms triggering Cd genotoxicity [33]. 

Summarizing the study results, we demonstrated that laboratory — controlled assessment of 
toxicity and geno-cytotoxicity effects can provide new information and accurate assessment about 
Cd exposure impact on fish in early stages of development. Based on the obtained results, we 
demonstrate that Cd induced geno-cytotoxicity, reduced survival, and disturbed cardio-respiratory 
system activity, affected development and hatchability of fish in early life stages causing negative 
consequences for the well-being of the fish populations and communities. Further investigation of 
the sublethal concentration Cd toxicity to fish in early stages of development could be a useful 
approach in assessment of ecological risk of heavy metals in aquatic ecosystems. 


4. CONCLUSIONS 


The calculated 96-hour LC50 values of Cd for rainbow trout embryos/larvae were: 3.32, 1.14, and 
2.23 ug Cd/L, respectively (acute toxicity test). The larvae were consistently more sensitive than the 
embryos. The most sensitive were hatched larvae. Chronic tests (12-, 24-day) on rainbow trout at 
early stages of development results showed that Cd at sublethal concentration had a negative effect 
on the biological parameters of embryos and larvae and disturbs the vital functions of organism: 
significant (p<0.005) increased mortality, disturbed the cardio-respiratory system activity, hatching 
rate and observed various developmental disorders (haemorrhage in embryos; blood clots, yolk sac 
edema, and spine curvature in larvae). Mortality of larvae significantly increased (p « 0.05) with the 
increase in the duration of exposure. It was found that respiratory parameters of larvae significant (p 
< 0.05) depended on the duration of exposure. GVF of larvae 1-, 4-day significant decreased and 8-, 
12-day increased (p « 0.05) with the increase on the duration of exposure. The Pearson correlation 
analysis of mortality, HR, GVF and the duration of exposure (1-, 4-, 8- and 12-day) of embryos and 
larvae showed a positive correlation. Strong correlation between mortality and the duration of 
exposure of embryos (r = 0.88) and larvae (r = 0.77); between HR and the duration of exposure of 
embryos (r = 0.60) as well as larvae (r = 0.61); and between GVF and the duration of exposure of 
larvae (r = 0.92). The 96-hour exposure of embryos to Cd induced significantly increased (p < 
0.005) formation of MN and pooled cytotoxicity [bi-nucleated (BN) + fragmented-apoptotic (FA) 
cells]. The long-term Cd exposure caused significant (p « 0.005) increase of all analysed geno- 
cytotoxicity endpoints (MN, NB and pooled cytotoxicity) in larvae erythroblasts. 
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Abstract 


The aim of study was to assess the toxicity and geno-cytotoxicity of CdSe/ZnS-COOH quantum 
dots (QD) to rainbow trout Oncorhynchus mykiss at early stages of development (“eye-egg” stage 
embryos). Bioassay testing was conducted under controlled laboratory conditions; with a goal of 
exploring relationship between the duration of exposure to QD and biological effects in exposed 
fish embryos. Long-term (12-day) tests on fish at early developmental stages were performed under 
static conditions. QD photoluminescence analysis showed that the outer layer of the egg protects 
embryos from the penetration and accumulation of QD. The present study indicated that biological 
effects of QD are related to the structure of chorion. Toxicity study demonstrated that QD did not 
induce a significant decrease in survival, but induced heart rate changes of embryos during the 
entire test. Geno-cytotoxicity assay revealed that QD induced micronuclei in erythroblasts of 
embryos. 


Keywords: quantum dots; fish; embryos; toxicity; geno-cytotoxicity 


1. INTRODUCTION 


The application of nanotechnology in various fields, such as biomedical science and electronics, 
cosmetic and pharmaceutical industries, is likely going to increase the release of nanoparticles (NP) 
into the environment in the near future [1]. Therefore, the increasing use of nanotechnologies will 
lead to significant accumulation of engineered NP into the aquatic organisms [2]. The potential 
ecotoxicological consequence of NP is a growing concern, but their impact is still poorly 
characterized [3]. 

Quantum dots (QD) are small semiconductor NP composed of a semiconductor core, which is 
often encapsulated by a shell or coated with organic molecules [4]. They are only a few nanometers 
in diameter (2-10 nm) with great optical properties and are commonly used as fluorophores in vital 
bioimaging of developmental processes [5]. These properties enable the use of QD in vitro and in 
vivo experiments and establish QD as promising tools in disease treatment and targeted therapy. 
Unfortunately, the limitation of their usage is the toxicity. QD are composed of different metals that 
may have detrimental effects on the environmental and human health [6]. 

Several recent review articles dealing with NP toxicity to aquatic organisms focus on NP 
ecotoxicological potential [1]. The nanocrystal core of many types of QD contains the toxic metal 
cadmium (Cd), possibly resulting in release of Cd from the QD core [7]. However, QD exerted 
toxic effects in fish not only due to Cd^* release, but also toxicity that might be associated with QD 
nanoscale properties [8]. Toxicity, cytotoxicity, mutagenicity, genotoxicity and immunotoxicity in 
fish exposed to ionic form of Cd have been described. Therefore, high heavy metal content in NP 
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makes them potentially harmful to living creatures. In zebrafish, QD induced dose- and age- 
dependent endpoints of sublethal toxicity, including increased mortality, reduced growth, apparent 
necrosis, yolk sac malformation, malformed tail and bioaccumulation in body tissues [8-10]. The 
study by Zhang with co-authors [10] indicated that the mortality increased significantly after 
zebrafish embryos were exposed to CdTe QD coated with thioglycolic acid. Compared to the CdTe 
QD, the CdSe/ZnS QD showed lower toxicity in zebrafish embryos and larvae [8, 9]. Blickley with 
co-authors [11] showed that the chronic QD exposure could cause a negative effect at the 
population level and maternal transfer of QD or their degradation products to developing progeny 
may pose a threat to future generations of aquatic organisms. For this reason, QD could be a source 
of toxicity with fatal impact to fish during the sensitive stages of the embryonic period [11, 9]. 
Toxicity of different NP (nanosilver, titanium dioxide, silver NPs, single walled carbon nanotubes 
and QD) on rainbow trout adult was also investigated [12-15, 2]. Knowledge of possible effects in 
fish embryonic development is still being acquired and could present as valuable information on the 
QD environmental impact. 

The scientific information on the NP toxicity mechanism at early life stages of fish is very 
limited, especially under varying environmental conditions [3, 7]. Furthermore, there are many 
factors, which could influence the toxicity of NP in embryos. For example, chemical composition, 
particle size, shape, surface modification, concentration of particles, crystal form and degree of 
agglomeration can influence bioaccumulation and the biological effects during embryogenesis [4]. 

The micronucleus assay is one of the most frequently used tools for the NP genotoxicity 
assessment [4]. The in vivo micronucleus test in fish early life stages were applied in several studies 
[16-18]. Micronucleus and erythroblast nuclear abnormalities assays previously were used as 
biomarkers to assess genotoxicity and cytotoxicity of different NP in fish [19, 2]. As emphasized by 
Rocha with co-authors [20] cytotoxicity and genotoxicity effects of Cd-based QD in aquatic species 
need to be comprehensively investigated. In vitro or in vivo chromosome abnormalities, DNA 
fragmentation induced by CdSe/ZnS core/shell QD have been previously shown in various 
organisms [21, 22]. Munari with co-authors [2] investigated genotoxicity and cytotoxicity of CdS 
QD and silver sulphide (Ag2S) coated with methyl polyethylene glycol in a rainbow trout cell line 
RTG-2. The results showed that CdS QD was highly cytotoxic at high concentrations, and 
demonstrated concentration-dependent genotoxicity response in the sub-toxic range after 24 h 
exposure. 

Recently, an expanding number of studies have focused on embryonic stages; however, the 
comparison between these experiments is difficult as different species of fish, various types of NP, 
their sizes, concentrations, exposure durations were tested [4]. To the best of our knowledge, there 
has been no report of using rainbow trout Oncorhynchus mykiss embryos as a model for QD long- 
term toxicity and geno-cytotoxicity studies. It should be noted that this experimental study was 
done at equal laboratory conditions. Little is known about geno-cytotoxicity effects of QD at early 
developmental stages of fish in an exposure duration-dependent manner. It is also very important to 
determine the penetration abilities of QD through the egg envelope that would help to explain QD 
toxic effects on embryos of various organisms. 

The aims of the present study were: (1) to determine the penetration abilities of QD through the 
egg envelope, (ii) to assess the toxicity and geno-cytotoxicity of QD using the test fish, rainbow 
trout, in early stages of development — “eye-egg” stage embryos and (iii) to define the relationship 
between the duration of QD exposure and biological alterations in exposed fish embryos. 


2. MATERIALS AND METHODS 


Exposure of fish was performed at the Laboratory of Ecology and Physiology of Hydrobionts 
(Nature Research Centre, Lithuania). Rainbow trout Oncorhynchus mykiss eggs (“eye-egg” stage 
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embryos) were obtained from the Simnas hatchery (Lithuania). Studies have been carried out with 
non-protected life-stages accordance with EU Directive 2010/63/EU. The laboratory treatment was 
carried out in climatic camera (Bronson PGC-660, Germany) under static conditions. 

Deep well water of high quality was used for storing control embryos [23]. The average 
hardness of dilution water was approximately 284 mg L as CaCOs, alkalinity was 244 mg L” as 
HCO;, the mean pH was 8.0, temperature was maintained at 10 + 0.5°C, and the oxygen 
concentration ranged from 8 to 10 mg L”. Dissolved oxygen in the tanks, temperature and pH were 
measured routinely with a hand-held multi-meter (WTW Multi 340i/SET, Germany). 

Long-term (12-day) toxicity test of QD was conducted using “eye-egg” stage embryos (starting 
from "eye-egg" embryos 12-day before hatching). The effect of QD on the biological parameters: 
survival (%) (N = 39 in the control group; N = 38 in the QD group) and heart rate (HR, counts/min) 
of embryos were recorded. HR of embryos was measured during 1-minute periods for each embryo 
individually, and the mean value for 10 embryos was calculated. The unfertilized eggs were 
removed from the groups. Survival was recorded at 24-hour intervals. Studies with embryos were 
performed in two replications. 

Toxic effects of CdSe core, ZnS shell and carboxyl group terminated QD, abbr. CdSe/ZnS- 
COOH (QD ITK 625, Life Technologies) were analyzed at sublethal concentration of 4 x 10° M 
according to [24]. The volume of 100 ul of stock solution of 8 uM was dissolved in the fish media 
to achieve final QD concentration of 4 x 10? M. Fluorescence microscopy was used to visualize QD 
localization in embryonic tissues in order to determine QD distribution. Embryos were prepared 
using the standard paraffin embedding technique for microscopical examination. They were fixed in 
4% formaldehyde solution for 24 hours and were embedded in paraffin blocks for cutting with the 
microtome. The unstained slices were used for fluorescence microscopy and they were imaged 
using Nikon Clsi confocal microscope, which is equipped argon ion laser (42488 nm). The 500-590 
nm band pass filter (represented in green color) was used for autofluorescence detection and 620- 
720 nm band-pass filter (represented in red color) for QD photoluminescence detection. 

Geno-cytotoxicity assay was performed on "eye-egg" stage embryos. Genotoxicity [induction 
of micronuclei (MN) and nuclear buds (NB)] and cytotoxicity [induction of bi-nucleated (BN) and 
fragmented-apoptotic (FA) cells] endpoints were analysed in erythroblasts. Blood smears were 
prepared from whole embryonic body (gently nipped with tweezers): directly smeared on glass 
slides and air-dried. Smears were fixed in methanol for 10 min. and later were stained with 1096 
Giemsa solution in phosphate buffer pH = 6.8 for 20 - 40 min. The stained slides were analysed 
under light microscopes Olympus BX51 at final magnification of 1,000x. Micronuclei (MN) were 
identified according to the following criteria: (1) round and ovoid-shaped non-refractory particles in 
the cytoplasm, (2) color and structure similar to chromatin of the main nucleus, (3) diameter of 1/3- 
1/20 of the main nucleus, (4) particles completely separated from the main nucleus [25]. 
Identification of nuclear buds, fragmented-apoptotic and bi-nucleated cells was done using criteria 
described by Fenech with co-authors [26]. The frequencies of abnormalities were recorded in 1,000 
erythroblasts per slide using blind scoring by a single observer. The 4-day duration test was carried 
out with embryos (7 specimens in QD exposed and 7 specimens in control groups) for evaluating 
geno-cytotoxicity. 

Differences between the evaluated characteristics studied were tested by two-way ANOVA at p 
< 0.05 using Statistica 7.0 software’s (USA). Pearson correlation analysis was performed to identify 
possible relationships between biological parameters of embryos and the duration of exposure. 
GraphPad Prism 5 (USA) statistical analysis software was used in geno-cytotoxicity statistical 
analysis. Non-parametric Mann-Whitney U-test was used to compare frequencies of nuclear 
abnormalities observed in embryos from control and exposed groups. Differences were accepted as 
significant at the 9596 level of confidence (p « 0.05). 
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3. RESULTS 


3.1 Incubation of the embryos with QD 

Rainbow trout embryos, in early stages of development — "eye-egg" stage were cultivated and 
exposed to the QD according to the guidelines presented in ISO standard (ISO 7346-1:1996). The 
formation of aggregates of QD in the incubation water were detected (Figure 1A). However, 
spectroscopy reveals that QD are stable in the incubation solution. The photoluminescence intensity 
decay with increasing of the incubation time is related to the aggregation of QD in water and 
agglomeration on the eggs surface (Figure 1). Confocal fluorescence microscopy was used to 
visualize QD localization in egg in order to determine QD distribution. QD are covering the 
envelope of the egg, but they were not observed in the deeper layers. The green color represents the 
autofluorescence of the embryonic tissues and red color represents the fluorescence of QD (Figure 
1B). For rainbow trout embryos, most of the particles were accumulated at the surface of the 
envelope surrounding the embryos (Figure 1B). 


Embryo 


QD formed aggregates in 
water 


Figure 1. QD formed large aggregates in water (A). Confocal fluorescence microscopy image 
(B) rainbow trout egg exposed to QD for 8-day. QD (red color) adhere to the envelope 
but do not penetrate through it to the inner layers of the egg. 


3.2 Toxicity 

Survival of the embryos exposed to QD during the 1-, 4-, 8-, 12-day of the test did not significantly 
differ from the survival in control group (Figure 2A). The heart rate (HR) of embryos exposed to 
QD during the 1-, 4-day was significantly (p < 0.05) lower (80.4 + 4.8; 82.0 + 4.2 count/min, 
respectively) as compared to the control (95.2 + 6.5; 94.8 + 6.3 count/min, respectively). 
Meanwhile after 8- and 12-day exposure HR of embryos (89.2 + 7.4; 90.0 8.5 counts/ min, 
respectively) didn't differ significantly from the control (96.0 + 3.3 counts/min). The alterations in 
HR of embryos were related to the duration of exposure of QD (Figure 2B). HR of embryos after 1- 
and 4-day exposure was significantly (p < 0.05) different from 12-day exposure. Pearson correlation 
analysis of HR and the duration of exposure of embryos showed moderate and positive correlations 
(r 2 0.53). It shows that HR is decreased at the day of adding QD to the media, but later it recovers 
to the level of the control group. 
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Figure 2. Effect of QD on the survival (A) and the HR (B) of embryos depending on the duration of 
exposure. Columns and bars represent means + SD. 
* Significantly different from control: p < 0.05. Significantly different between the 
duration of exposure (p < 0.05): c- significantly different from the 8-day of exposure; 
d-significantly different from the 12-day of exposure. 


3.3 Geno-cytotoxicity 

Exposure (4-day) to QD significantly (p = 0.044) increased frequency of micronuclei (MN) in 
embryos, but did not induced nuclear buds (NB), bi-nucleated and fragmented-apoptotic 
erythroblasts. However, all analysed geno-cytotoxicity responses were elevated approximately 2 
times compared to the control levels (Figure 3). Micronucleated erythroblast, erythroblast with 
nuclear bud, bi-nucleated and fragmented-apoptotic erythroblast in embryos exposed to QD are 
presented in Figure 4. 
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Figure 3. Frequency of micronuclei, nuclear buds and fragmented-apoptotic (FA) + bi-nucleated 
(BN) erythroblasts of embryos exposed 4-day to QD. Data are reported as mean + SE. 
Differences between control and exposure groups shown: * p < 0.05. 
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Figure 4. Rainbow trout embryo erythroblast with (A) micronucleus (MN), (B) nuclear bud 
(NB), (C) fragmented-apoptotic (FA) and (D) bi-nucleated (BN) erythroblast. 


4. DISCUSSION 


Our results showed that QD formed large aggregates in water (Figure 1 A). QD adhere to the 
envelope but do not penetrate through in to the inner layers of the rainbow trout egg (Figure 1 B). 
For this reason, QD did not penetrated the chorion of embryo but QD aggregates affected the ability 
of larval fish to hatch [8, 11]. These results are also supported by our observations obtained using 
the confocal microscope. QD adhered to the envelope but did not penetrate through it to the inner 
layers of the egg [24]. Similar results were observed when photoluminescence SiO» nanoparticles 
(^60 and ~200 nm in diameter) were exposed to zebrafish embryos; the nanoparticles adhered to the 
surface of the chorion but did not enter the embryo [27]. Exposure of Fundulus heteroclitus 
embryos to aqua-nC60 resulted in very little mortality and aggregates adhered to the chorion, not 
affecting development of the embryos or their hatching success [11]. 

Our data showed that survival of rainbow trout embryos exposed to QD in long-term tests 
remained statistically unchanged (Figure 2A). According to King-Heiden with co-authors [8] 
coating or size of QD can influence the embryonic toxicity, as it was shown in case of CdSe/ZnS 
QD coated with PEG or polylysine in zebrafish embryos. QD induced higher mortality than the 
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equivalent amount of Cd”, probably due to the specific organic coating, QD scale or degree of their 
agglomeration in solution [8]. But there is another opinion to interpret the toxicity of QD. Because 
of a lack of protection of the egg membrane, a large amount of water- soluble Cd likely penetrated 
into the embryos and accumulated around the eggs, especially at high concentrations, and finally led 
to death [28]. However, interestingly chorion of various fish species may differentially retain Cd. 
For example, in rainbow trout (Oncorhynchus mykiss) 98 % of total Cd was retained by chorion, 
meanwhile, 61 % in zebrafish (Danio rerio) [28]. Annabi with co-authors [28] provided the 
evidence of the protective effect of the chorion and showed that hatched larvae are more susceptible 
to Cd than unhatched embryos [28]. Meanwhile, rainbow trout embryos during hatching are more 
sensitive to external substances at the early stages rather than larval or adult stages [29]. 

Effects of NP on early life stages of fish are emerging, with reports of crossing the chorion 
(e.g., Ag-NPs) [29]. The evidence on the protective effect of the chorion (a membrane envelope 
surrounding the egg) suggested that it acts as a barrier to Cd transfer to the developing embryos 
[32]. 


Table 1 Chorion thickness and total Cd was retained by chorion of various fish species 
(Literature review) 


Fish species Chorion thickness/ Total Cd was retained by chorion Authors 
Fundulus heteroclitus 13 um [31] 
Oryzias latipes 12-15 um/ 94.6% [32]/[28] 
Danio rerio 0.5-0.6 um/ 61 % [33]/[28] 
Oncorhynchus mykiss 44.2-48.6 um/ 98 96 [34]/[28] 


According to Ninness with co-authors [35], the majority of fish embryos develop surrounded by a 
fluid layer known as the perivitelline fluid encased in a tough acellular shell or chorion that is 
composed mainly of protein and glycoprotein. One of the major functions of the chorion is to 
physically and chemically protect and isolate the embryo from external environmental 
conditions/impacts. In addition, the chorion is involved in respiration, excretion of metabolic waste 
and ionic and osmotic balance. In Table 1 the chorion thickness of various fish species are 
presented. According to Berois with co-authors [36], there are numerous channels cross the entire 
width of the chorion in a regular pattern. The main focus in Henn’s [37] work has been to determine 
the influence of the chorion on chemical toxicity for zebrafish embryos. 

Meanwhile, the exposure to QD induced significant decrease in HR of embryos in relation to 
the duration of exposure (r = 0.53) (Figure 2B). Interestingly the HR of embryos exposed to QD for 
1-, 4-day, was significantly (p < 0.05) lower as compared to the control. However, at the later time 
the HR recovers to the normal levels. 

This indicates the possibility of acclimation to QD effect. Meanwhile, little is known about 
acclimation mechanisms in early developmental stages of fish. Possibility of acclimation of larvae 
of Salmo trutta and Pimephales promelas by exposure to Cd were observed [38]. According to 
Jezierska with co-authors [39] the increase in HR during development might have been related to 
the observed increase in embryonic activity and is an indicator of metabolic rate in embryos. A 
decrease in HR during hatching period was particularly pronounced in metal-exposed embryos [39]. 
Wang with co-authors [40] hypothesized that the accumulation of the QD occurs in the zebrafish 
heart and the substance provokes malformed heart. This is confirmed and by other authors [8, 9]. 

The clastogenic/aneugenic properties of CdSe/ZnS QD have been observed in some studies 
[21, 22]. Galeone with co-author [22] suggested classifying CdSe/ZnS QD as significantly toxic in 


466 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


long-term in vivo treatments. Nanoparticle-induced oxidative stress is thought to be a key 
mechanism responsible for genotoxicity effects [41]. Brunetti with co-authors [42] reported Cd” 
ions leaching from the CdSe core despite the two-layer ZnS shell. Furthermore, a coating-dependent 
reactive oxygen species (ROS) generation of CdSe/ZnS core/shell QD was emphasized by Galeone 
and co-authors [22]. Several studies have pointed to PEG-coating that can protect from Cd” leak. It 
was concluded that coating with PEG decreases toxicity, but does not eliminate it [43, 22]. Zhang 
with co-authors [44] emphasized that PEG-coated silanized QD causes minimal impact to cells. 
Saez with co-author [45] showed that genotoxicity potential and reactivity of Cd with intracellular 
targets are influenced by its nano or ionic form. Nano-Cd showed a stronger genotoxic activity 
compared with ionic-Cd in Hediste diversicolor. However, Aye's and co-authors’ [21] results 
showed, that even though QD induced ROS, the mutagenic/clastogenic properties of QD are not 
completely accounted for. The inherent physico-chemical properties of QD may generate various 
reactions, which results in genotoxicity/mutagenicity effects in cells or organisms. Other possible 
mechanisms underlying genotoxicity of QD are inflammation, aberrant signaling responses and 
direct interaction with DNA and nuclear proteins [42]. Thus, potential for genotoxicity effects and 
mechanisms of DNA damage of QD still remains unclear [45]. 

Heavy metal embryonic uptake is known to be blocked by the chorion via binding, most likely 
via complexation by anionic charged groups, possibly thiol-groups, which are abundantly present in 
the chorion [37]. Furthermore, it was suspected, that the chorion pores potentially restrict the uptake 
of compounds depending on their size [37]. In addition, NP cause increased mucus production in 
fish, may thicken the mucus layer and impair gas exchange [46]. Our results showed significantly 
increased frequencies of MN, slight increase of other nuclear abnormalities and reduced HR after 
QD exposure. However, fluorescence microscopy showed that QD accumulation is visible around 
the outer layer of the egg; indicating the QD did not penetrate the chorion and were not observed in 
the embryo. More follow-up studies must provide information, which mechanism: Cd leakage or 
QD adhesion to the envelope of the egg and thus possible disruption of gas exchange is responsible 
for toxicity and genotoxicity. Therefore, the long-term fish exposure to QD requires further detailed 
toxicological analysis. 

In the present study, the toxicity and geno-cytotoxicity of QD were assessed using rainbow 
trout embryos as test organism. The toxicity and geno-cytotoxicity of QD and their effect on 
embryonic survival, physiological parameters such as HR, induction of micronucleus, penetration 
abilities can provoke developmental defects of fish in larvae or adult stages. The nanocrystal core of 
CdSe/ZnS-COOH QD contains the toxic metal Cd, thus possible release of Cd from the QD core 
could contribute to the effects seen. The long-term study of QD toxicity and geno-cytotoxicity 
effects on embryos should provide new information for understanding QD impact mechanisms. The 
laboratory-controlled assessment of toxicity and geno-cytotoxicity effects on embryos of rainbow 
trout reported here provides new information about environmental risk of the QD and opens new 
avenues for investigating the emerging effects of QD. 


5. CONCLUSIONS 


CdSe/ZnS-COOH QD does not cause embryonic survival of rainbow trout at the dose of 4 x 10° M 
up to 12 days. QD exposure causes the decrease of the HR in the first 4 days of exposure, but this 
effect is later compensated and restored to a normal level. Exposure to QD causes genotoxicity 
(increased the frequency of micronuclei in erythroblasts) in embryos. The outer layer of the egg 
protects embryo from the penetration and accumulation of QD. 
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Abstract 


Widely spread disease of grapevine caused by fungi Phomopsis viticola (Sacc.) has provoked 
initiation of multidisciplinary research in Montenegro. Based on the fact that the pyrazoles, as 
fungicide active ingredient, have shown practical application in the protection of fruit trees and 
taking into account available data on the biochemical role of copper in the ecosystems, the synthesis 
of new copper (II) complex with selected pyrazole derivative formula: Cu(L-H)2(H20)2 (L- 1,3- 
dimethyl-1H-pyrazole-5-carboxylic acid) following method , then its structural characterization and 
finally determination of the biological effects of Cu(ID) complex on Ph. viticola has been performed. 
In order to determine the biological effect of newly synthesized Cu(ID)complex, five samples of 
fungicide Cabrio top (whose active ingredient pyraclostrobin belongs to pyrazole derivatives) with 
the range of concentrations (3.09— 0.19 mmol dm^) and also five samples of newly synthesized 
Cu(IDcomplex with concentration range (1.78- 0.11 mmol dm^) have been prepared. By analyzing 
statistical results obtained from biological research it is noted that all concentrations of mentioned 
range of Cabrio top and newly synthesized Cu(IDcomplex showed a significant inhibitory effect on 
Ph. viticola comparing to the control sample 


Keywords: pyrazole; newly synthesized Cu(II)complex; active component of fungicide; Phomopsis 
viticola (Sacc.) Sacc. 


1. INTRODUCTION 


Pyrazole based compounds and their transition metal 
complexes have attracted considerable research interest 
because of potentially beneficial biological properties [1,2]. 
Starting from the practical applications of pyrazole 
derivatives, as active ingredients in fungicides [3] existing 
Cu compounds for the protection of the grapevine [4], this 
paper presents a method of synthesis of Cu(L-H)2(H20)> 
complex , where is L=  1,3-dimethyl- 1H-pyrazole-5- 
carboxylic acid, and its determines its inhibiting effect on 
the mycelium Ph. viticola the cause of decay of grapevine 
in Montenegro. Figure 1. presents symptoms of decay in 
grapevine. 


Figure 1. Symptoms of decay 
in grapevine (photo: N. Latinović) 
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The structure of ligand (L=1,3-dimethyl-1H-pyrazole-5-carboxylic acid) is presented in Figure 2. 
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Figure 2. Structure of pyrazole derivate L = 1,3-dimethyl-1H-pyrazole-5-carboxylic acid 


1.1 Fungicide Cabrio top 
With an aim to achieve a representative selection of the standard for determining biological efficiency 
(the inhibition effects) newly synthesized Cu (II) complex, the commercial fungicide selected Cabrio 
Top (fungicide used for the prevention of major diseases of grapevine) [5], which contains pyra- 
clostrobin, (methyl(aE)-2-[[[3-(4-chlorophenyl)-1-methyl-1H-pyrazol-5-yl]oxy] methyl]-a-(metho- 
xymethylene) benzeneacet, belongs to pyrazole derivates, was selected. (Figure 3.) 

It is important to note that other active substances of Cabrio top is metiram (Zinc ammonium 
ethylenebis (dithiocarbamate) poly (disulfide) ethylenethiuram) which belongs to the dithio- 
carbamate class of fungicides such as mancozeb, a fungicide used in previous studies [4]. 
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Figure 3. Structure of piraklostrobin 
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2. MATERIALS AND METHODS 

2.1 Synthesis of Cu (II) complex 

A warm methanolic solution of the ligand (8mL) Ce6HgN2O02 (0.5 mmol) was mixed with a warm 
methanolic solution (8mL) salt Cu(CH3COO); - H2O (0.25 mmol). After two days the blue single 
crystal product was filtered off and washed with methanol. Yield was 84,29% (0,080g). 

For this synthesis, 1,3-Dimethyl-pyrazole-5-carboxylic acid was used as purchased from Sigma- 
Aldrich. 


2.2. Crystal structures 

The crystal structure of Cu(L-H)2(H20)2 complex has been determined by single-crystal X-ray 
diffraction. The complex crystallizes in space group P2;/c. The Cu atom is placed in nearly ideal 
square planar environment formed by pairs of oxygen donors from the deprotonated carboxylic acid 
and H2O molecules. The presence of a methyl substituent on the N' atom of HL prevents bidentate 
coordination common for pyrazole-5-carboxylic acid based ligand, therefore in Cu(II) complex the 
ligand is monodentatly coordinated to the metal ion (Figure 4.). The crystal structures of complexe 
are stabilized by extensive O-H...O and O-H...N hydrogen bonds, where HO and methanol 
ligands play a significant role as hydrogen bonding donors [6]. 


o 


Figure 4. Molecular structure of Cu(L-H)2(H20)2 


Crystallographic data of the structural analysis have been deposited with the Cambridge 
Crystallographic Data Centre CCDC No. 1015253. The data are available free of charge via 
www.ccdc.cam.ac.uk/data request/cif (or from the CCDC, 12 Union Road, Cambridge CB2 
1 EZ, UK; +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk). 


2.3 Biological research 

Biological research based on determining the inhibition effect of commercial fungicide Cabrio top 
and newly synthesized Cu(II) complex on Ph. viticola have been carried using the phytosanitary 
method at the laboratory of Center for plant protection of the Biotechnical Faculty University of 
Montenegro. The diameters of fungal mycelium Ph. Vitiocola as parameters of the inhibition effect 
of the prepared samples of commercial fungicide Cabrio top and newly synthesized Cu[L-H]» 
(H20) complex were processed using the variance analysis, while the testing was done using the 
LSD test [7]. 
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2.4 Method of preparate of sample of Cabrio top and newly synthesized Cu[L-H]; (H0); 
complex for biological research 

Prepared by 20cm? solution selected sample of Cabrio top (initial mass 0.04g) and 0.0134g newly 
synthesized Cu[L-H]2 (H2O)2 complex. 

Then carried out a double dilution of each of the previous solution in 4 repetitions for the 
determination of the biological efficacy of the inhibition of mycelium of Ph. viticola. The solutions 
were prepared as described above and then they were entered into the nutrient medium (PDA) at a 
ratio of 10:1. A clip of fungus Ph. Viticola was placed on the substrate and left in a thermostat at 
25°C for two days, when it was committed, and the measurement of the diameter of formed of 
mycelium a control sample was also assessed. 


3. RESULTS AND DISCUSSION 


In the study presented here, the newly synthesized Cu[L-H]2 (H20)» complex has been subjected to 
tests of mycelia growth inhibition by Ph. viticola and shown certain inhibition with regard to 
control. Results of the antifugal activity tests are summarized in Table 1 and Table 2. Obtained 
results on the efficacy of Cu(II) complex compered and analyzed based on the LSD test (least 
significant difference test). Each time the complex was tested for its ability to inhibit mycelia 
growth of Ph. viticola, an analogue experiment with Cabrio top was set up. 


Table 1. Inhibition effect of Cabrio Top against the fungal mycelium Ph. viticola 


Concentration (mmol/dm*) CT, CT» CT; CT4 CTs Control 
Mycelium diameter (cm) 3.05 1.54 0.77 0.38 0.19 sample 
I measurement 0 0 0 0.5 2 8.8 
II measurement 0 0 0 0.3 1.7 8.8 
III measurement 0 0 0 0.2 1.8 8.8 
IV measurement 0 0 0 0.2 2.1 8.9 
Average 0 0 0 0.3 1.9 8.8 

Legend: CT —Cabrio top LSD (0.01) = 0.191 


Table 2. Inhibition effect of newly synthesized Cu[L-H]2 (H20)» complex 
against the fungal mycelium PA. viticola 


Concentration (mmol/dm*) Ci C5 C5 C4 Cs Control 
Mycelium diameter (cm) 1.78 0.89 0.44 0.22 0.11 sample 
I measurement 6.2 7.1 To 8.6 8.6 8.8 
II measurement 6.3 7.1 7.4 8.6 8.7 8.8 
III measurement 6.2 6.9 7.4 8.6 8.7 8.8 
IV measurement 6.2 7.0 7.4 8.7 8.6 8.9 
Average 6.2 7.0 7.4 8.6 8.7 8.8 
Legend: C - Cu[L-H]2 (H20); LSD (0.01) = 0.151 
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In a series of four repeated measurements of the mycelium Ph. viticola, all concentrations of 
Cabrio top (3.09 mmol/dm/, 1.54 mmol/dm’, 0.77 mmol/dm’, 0.38 mmol/dm? and 0.19 mmol/dm?) 
caused inhibition of the mycelium Ph. viticola in comparison to control sample. (Table 1) in 
accordance to the applied test LSD (0.01) = 0.151. 

All applied concentrations of Cu[L-H]» (H2O)2 complex had a weaker inhibition of mycelia 
growth compared with conventional Cabrio top fungicide, however, all of the above mentioned con- 
centrations ligand inhibited mycelia growth compared to the control. The deviations of the mea- 
sured diameter of mycelium Ph. viticola are 2.6cm , 1.8cm , 1.4cm , 0.2cm and 0.1 cm (Figure 5). 
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Figure 5. Graphic scheme of influence of the applied concentrations range (1.78- 0.11 mmol/dm ) 
newly synthesized Cu[L-H]? (H2O); complex on mycelia Ph. Viticola 


4. CONCLUSION 


A Cu(II) complex via reaction of methanol solvent Cu(CH3COO)2:H2O and methanol solvent 
pyrazole derivative L= 1,3-dimethyl-1H-pyrazole-5-carboxylic acid in mole ratio 1:2, with general 
formula Cu[L-H]»(H2O)» was produced. 

Statistical results obtained from biological research (LSD(0.01) = 0.191 and LSD(0.01) = 
0.151) show that all concentrations within the range (3.09— 0.19 mmol/dm*) of the commercial 
fungicide Cabrio top and all concentrations within the range (1.78- 0.11 mmol/dm?) of the newly 
synthesized Cu[L-H]2(H20)2 complex used have shown a significant inhibitory effect on Ph. 
viticola comparing to the control samples. These results of biological research indicate on 
investigation and determination new active component of fungicide. 
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Abstract 


The purpose of this presentation is to provide an overview of the occurrence, transmission and 
control of water-related and water-borne parasitic diseases. The different types of water-related and 
water-borne parasites, the dynamics of transmission in the nature, from vectors (water or 
mosquitoes) to humans, and the prevention and control of water-related and water-borne parasites in 
our environment are shown, also in possible association with climate change and its influences. For 
the diagnosis and control of infectious diseases, the development of new molecular technologies 
and their applications are addressed. The investigation of clinical and environmental materials will 
help to determine parasitic sources, the activities of vectors and hosts for faster response to control 
the transmission ways of pathogens. So, the medical community could be well prepared for 
outbreaks and unexpected and challenging environmental and climatic events. 


Keywords: climatic changes; parasites; public health; water treatment 


1. CLIMATE CHANGE 


Climate change looks too big to ignore. 
The famous NASA climate scientist James E. Hansen warns: "I was too optimistic, climate change 
is much quicker than I expected !" [1]. 


The change of climate - accepted fact of science: 

Global climate is not constant but subject of constant change. Reasons for this change are a variety 
of driving mechanisms [2]. As climate is a dynamical system it is influenced by external forces and 
internal processes. The change of climate is an accepted fact of science and had affected the world's 
system in all sectors and in all times [3]. 


Driving forces on climate changes: 
Since genesis of earth natural phenomena like solar forcing, greenhouse effect, volcanic forcing, 
ocean current and the continental drift have globally formed and modified the world's climate. 


1.1. Anthropogenic driving forces on climate change: human's responsibility 
According to the IPCC (Intergovernmental Panel on Climate Change), the global warming during 
the second half of the 20th century is not explainable to be originated by natural factors solely. 
Referred to the IPCC, human activity entailed since 1750 collectively to global warming “very 
probable" which is defined as 90-99% likelihood [4]. 

Greenhouse gases — that are carbon dioxide (CO2), methane (CH4), nitrogen oxide (N20), 
ammonia (NH3) fluorocarbon (FC), ozone (as secondary product) -, deforestation, livestock 
breeding and agriculture are mainly involved on climate changes. 
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1.1.1. Greenhouse gases 

The scientist Arrhenius stated in 1896 that the global warming could be enforced by humans adding 
CO; to the atmosphere [5]. As carbon dioxide is one of the greenhouse gases the release of carbon 
in the atmosphere resulted in a rise of greenhouse gases concentrations and consequently in a rise of 
the greenhouse effect and following warming up the world's temperature. Between 1958 and 2008 
the atmospheric CO; concentration raised from 316 ppmv to 387 ppmv while the CO; 
concentration during the last 650000 years fluctuated from 180 ppmv to 300 ppmv. Concluded, one 
century of human pollution is analogical to thousands of years of natural development [6]. Since 
1750 the concentration of CO; in the atmosphere has raised more than 30%. Approximately, one 
third of this amount stays in the atmosphere and one third is incorporated by the ocean and the last 
third will gather in the environment. As CO; has an impact on the radiation balance of the atmo- 
sphere it can enhance the global warming by trapping the heat reflected to the earth's surface [3]. 
The physics of surface warming as a result of atmospheric greenhouse gases is understood but rapi- 
dity and level of the rising is unknown and several climate models varies in their prediction [7, 8]. 


1.1.2. Deforestation 

Another anthropogenic factor which enhances climate change is the deforestation. According to the 
United Nations Framework Convention on Climate Change (UNFCCC) office, the overwhelming 
direct cause of deforestation is agriculture. Subsistence farming is responsible for 4896 of 
deforestation; commercial agriculture is responsible for 32% of deforestation; logging is responsible 
for 14% of deforestation and fuel wood removals make up 5% of deforestation [9]. 

The alteration of forests into agricultural land leads in two ways to a global warming: at first, 
slash-and-burn-agriculture releases greenhouse gases. On the other hand, forests — especially tropic 
forests such as in Brazil and Indonesia - serve as carbon dioxide storage and can release great 
amounts of carbon back to the atmosphere when destroyed — then exacerbate the greenhouse effect 
and global warming [10, 11]. Additionally, at higher temperatures the forests' ability of carbon 
clearing becomes less efficient [12]. So forests can be either sinks or sources for carbon depending 
upon environmental circumstances. 

One fifth of all greenhouse gases results from the destruction of forests and change of land use. 
Studies of an international team of experts from the US, UK, Brazil and France to compare data 
from 11 climate-carbon computer models [12] confirm that deforestation in the tropics accounts for 
about 20 per cent of carbon emissions due to human activities. It was found out that if by 2050 
deforestation was slowed down by 50 per cent from current levels, with the aim of stopping 
deforestation when 50 per cent of the world's tropical forests are remaining, this would save the 
emission of 50 billion tons of carbon into the atmosphere. This 50/50/50 option would avoid the 
release of the equivalent of six years of global fossil fuel emissions [12]. 

The removal of trees without sufficient reforestation also results in damage to habitat of any 
creature and plant and biodiversity loss. Deforestation reduces the content of water in the soil and 
groundwater as well as atmospheric moisture and results in aridity and desertification. 

China's floods in the year 1999 after the great Yangtze and Yellow river had broken their 
banks, the discussion started weather the big deforestation in China could be one reason [13]. On 
the one hand flooding is the consequence of the natural cycle of seasonal change, but on the other 
hand deforestation is responsible for lower reaches of rivers and soil erosion. Sediment is washed 
downstream from mountainous areas and arrives in the central and lower regions of the rivers where 
this sediment raises the riverbed, so that the level of the water raises much higher than normal. 
Instead absorbing precipitation and leading it into the groundwater deforested soil become sources 
of surface water runoff, which moves much faster than subsurface flows and may lead into floods. 

Concurrent there is a significant loss of important flood plain waterways. In China by the flood 
event year 1999 around 60% of the wetlands had been transformed into farmland in the lower and 
central regions of the Yangtze river [13]. 
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Trees in general influence the water cycle significantly: control of humidity of the atmosphere 
by transpiring, influence on occurrence of precipitation influence on capacity of soil to store water, 
producer of fresh water. As a result, the presence or absence of trees can change the quantity of 
water on the surface, in the soil or groundwater, or in the atmosphere. This changes the availability 
of water for either ecosystem functions or human services. 

Peter Walker, director of disaster policy at the International Federation of Red Cross and Red 
Crescent Societies, said to the BBC news in August 1999 "You cannot grow a forest overnight, it 
will take years" [13]. 

There is the unconditional need to preserve the forests and reduce deforestation for stabilizing 
atmospheric greenhouse gas concentrations and to stabilize soil to prevent land loss and floods and 
loss of biodiversity. 


2. CURRENT SITUATION OF IMPORTANT FOOD-, WATER- AND VECTOR-BORNE 
INFECTIOUS DISEASES 


Infectious diseases are determined by pathogens, hosts and the environment (Table 1). Climate 
influences all these factors and thus plays an important role in the prevalence of infectious diseases 
[14, 15]. While climate is an important factor for health as it has an influence on the repertoire of 
infectious diseases weather can even affect the intensity of disease outbreaks [16]. A warming and 
instable climate will influence the global emergence and re-emergence of infectious diseases [17]. 
Between 1975 and 1995, more than 30 new infectious diseases like AIDS, Ebola and Lyme disease 
occurred [18]. Referred to the World Health Organization (WHO), infectious diseases which have a 
climate sensitivity and should be avoided by an early warning system (EWS) are: cholera, malaria, 
meningococcal meningitis, Dengue/ Dengue hemorrhagic fever, African trypanosomiasis, Yellow 
fever, Japanese encephalitis and St. Louis encephalitis, Rift Valley fever, Leishmaniasis, West Nile 
virus diseases, Ross River fever, Murray Valley encephalitis and Influenza [19]. The water-borne 
parasite Cryptosporidium has recently been recognized as one of the main reason for severe 
diarrheal disease [20]. Transmission is supported via water and food. Cryptosporidiosis is 
increasingly identified as an important cause of morbidity and mortality. In sub-Saharan Africa and 
south Asia Cryptosporidium was one of the most common identified pathogens of severe diarrheal 
disease during the first two years of life. 800,000 children under five die worldwide because of 
cryptosporidiosis diarrhea every year [20]. 


2.1. The impact of climate changes on pathogens 


2.1.1. Effects of climate changes on infectious diseases in general 

Climate changes and variables could drive vector-borne transmission and the seasonal dynamics of 
mosquito populations. For these reasons it is necessary to identify climate variables that are most 
affecting seasonal dynamics of for example floodwater which allow the distribution of mosquitos 
along the rivers. 

Clinicians should be aware that the diseases are not confined to long-established endemic areas 
[21]. Diseases can spread to areas that have been considered non-endemic previously - caused by 
climate changes [22]. This was the case for example for leishmaniasis. As temperature can 
significantly affect the distribution of vectors, it also affects the metabolism of the vectors — as 
found in sandflies - and their developmental times. Consequently the vector's metabolism can affect 
the life cycle of the pathogen inside the vector [21]. 
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Table 1 Examples for pathogens linked to food-, water- and vector-transmission 


Pathogen Disease Transmission Clinical features 
Protozoa 
Giardia duodenalis Giardiasis Fecal-oral spread through Diarrhea, abdominal pain, weight 
[syn.G. lamblia, G. drinking water or recreational loss, failure to thrive gas, 
intestinalis] water, soil, food, animal contact | abdominal cramps, upset 
stomach, nausea, dehydration 
Cryptosporidium spp. | Cryptosporidiosis Fecal-oral spread through Diarrhea often prolonged, 
drinking water or recreational stomach cramps or pain, 
water, soil, food, animal contact | dehydration, nausea, vomiting, 
fever, weight loss 
Cyclospora Cyclosporiasis Fecal-oral spread through Diarrhea, abdominal pain, weight 
cayetanensis drinking water, soil, food loss, failure to thrive 
Entamoeba histolytica | Amoebiasis Fecal-oral spread through (Bloody) diarrhea, maybe severe 
drinking water, soil, food dysentery, weight loss, fatigue, 
abdominal pain, amoebic liver 
abscess 
Toxoplasma gondii Toxoplasmosis Fecal-oral spread through Asymptomatic in healthy humans; 
drinking water contaminated by | flu-like symptoms, esp. in 
feline animals, row and under- immune suppressed humans 
cooked meat, soil, raw vegeta- severe symptoms, neurological 
bles, fruits, blood transfusion, disorders, glandular fever, fetal 
organ transplant, transplacental | damage in pregnant women, 
transmission to fetus schizophrenia 
Trypanosoma spp. Trypanosomiasis Tsetse fly bite Fever, swollen lymph glands, 
Chagas Disease Triatoms muscles and joint pain, 


headaches, neurologic. 
symptoms: changes in 
personality, alteration of the 
biological clock (the circadian 
rhythm), confusion, slurred 
speech, seizures, difficulty in 
walking and talking, irritability 


Free-living amoebae Granulomatous Aspiration of infected surface Fatal encephalitis — esp. in 
[FLA] amoebic water into nose, heating/ individuals with weak 
meningoencephalitis | ventilating /air conditioning immunological conditions, 
(GAE) systems, contact with acanthamoeba keratitis and 
contaminated soil, water, corneal ulcers, granulomatous 
sewage, swimming pools, skin lesions 
contact lens equipment 
Plasmodium spp. Malaria Mosquito bite Periodic fever and shivering, 
hemolytic anemia, flu-like 
symptoms, headache, joint pain, 
gastro- enteritis and vomiting, 
septicemia, retinal demage, 
neurological symptoms including 
nystagmus, conjugate gaze palsy, 
seizures, opisthotonus, 
convulsions, several serious 
complications 
Leishmania spp. Leishmaniases Sandfly bite 1. Widespread skin lesions 


1. Cutaneous form 

2. Mucocutaneous 

3. Visceral form 
(“Kala Azar’) 


which resemble leprosy, may 
not heal on its own 

2. Skin and mucosal ulcers of 
nose and mouth 

3. Fever, anemia, splenomegalia, 
fatal if untreated 
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Table 1 (continued) 


Pathogen Disease Transmission Clinical features 
Babesia spp. Babesiosis (Human | Tick bite Mostly asymptomatic, mild fever, 
babesiosis is diarrhea 
uncommon, but 
reported cases have 
risen recently) 
Helminths 


Schistosoma spp. 


Schistosomiasis 
(*Bilharzia") 


Contact with surface water 
infected with free swimming 
cercariae 


Anemia, malnutrition, 
eosinophilia, fever, 
hepatosplenomegaly, portal 
hypertension, esophageal varices, 
pulmonary hyper- tension, 
cerebral granulomatous disease, 
glomerulo- nephritis, urinary and 
intestinal damage, bladder cancer 


hospitals, some recreation 


Dracunculus Dracunculiasis Drinking water contaminated Painful ulcers on lower limbs and 
medinensis (= guinea worm with copepods (water fleas) feet 
disease (GWD)) infested with guinea worm 
larvae 
Bacteria 
Vibrio cholera Cholera Drinking water or eating food Watery diarrhea, vomiting, may 
contaminated by infected feces | be severe and fatal 
Salmonella spp. Salmonellosis Occasional outbreaks with Bloody diarrhea with mucus, 
drinking water colicky abdominal pain, fever, 
reactive arthritis (Reiters 
syndrome) possible 
Salmonella typhi Typhoid Drinking water contaminated Fever, bradycardia (Faget sign), 
with infected feces malaise, diarrhea, abdominal 
pain, epistaxis, 
hepatosplenomegaly, may be fatal 
Shigella spp. Shigellosis Drinking water and recreational | Diarrhea frequently with blood 
(bacillary dysentery) | water loss 
Campylobacter spp. Campylobacteriosis | Drinking water and recreational | Diarrhea frequently with blood 
water loss 
Enterotoxigenic E. “Travelers’ Drinking water Watery diarrhea, 
coli (ETEC) diarrhea" enterohemorrhage 
E. coli Varies Fecally contaminated drinking Gastroenteritis, bloody diarrhea, 
water and recreational water urinary tract infections, 
hemolytic- uremic syndrome in 
children, septicemia, pneumonia 
Yersinia spp. Yersiniosis Drinking water Fever, diarrhea, abdominal pain 
Francisella tularensis | Tularaemia Drinking water Typhoid-like or mucocutaneous 
and suppurative skin lesions 
Helicobacter pylori Gastritis Possible routes of infection: Gastritis, dyspepsia, gastric 
oral-oral, fecal-oral, iatrogenic, | ulcers, can progress to gastric 
drinking water, flies cancer 
Mycobacteria spp. Varies Potable water systems in Varies: respiratory disease, 


wound infections, skin disease 


Viruses 


Hepatitis A (HAV) 
and Hepatitis E virus 
(HEV) 


Viral hepatitis 


Eating or drinking food or water 
contaminated with infected 
feces, recreational water contact 


Hepatitis with nausea, vomiting, 
diarrhea, yellow skin (jaundice), 
fever, abdominal pain 


Norovirus, esp. 
Norwalk-like viruses 


Viral gastroenteritis 


Fecally contaminate food or 
water, person-to-person contact, 
aerosolization of the virus, 
contact with contaminated 
surfaces 


Nausea, forceful vomiting, watery 
diarrhea, abdominal pain 
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Table 1 (continued) 


Pathogen Disease Transmission Clinical features 
Enterovirus spp. Various, including Drinking and recreational water | Variety of symptoms: mild 
including poliovirus poliomyelitis and contact, fecal-oral transmission | respiratory illness (common 
and Coxsackie virus hand, foot and cold), hand, foot and mouth 
mouth disease disease, hemorrhagic 
conjunctivitis, aseptic meningitis, 
myocarditis, severe neonatal 
sepsis-like disease, acute flaccid 
paralysis 
Rabies Virus Rabies Bite or scratch by an infected Beginning with flu-like 
animal symptoms, rapidly developing 
paralysis, anxiety, insomnia, 
confusion, agitation, abnormal 
behavior, paranoia, terror, 
hallucinations, delirium, death 
(survival rate 896) 
Influenza A Virus spp. | Avian influenza Contact with dead infected birds | Flu-like symptoms, may develop 
(= bird flu) or infected fluids fatal 
Dengue Virus Dengue Fever Mosquito bite Fever, headache, muscle and joint 
pains, characteristic skin rash 
similar to measles, may develop 
into life- threatening dengue 
hemorrhagic fever with bleeding, 
low levels of blood platelets, 
blood- plasma leakage, or into 
dengue shock syndrome 
Yellow Fever Virus Yellow Fever Mosquito bite Fever, headache, chills, back 
pain, loss of appetite, nausea, 
vomiting, toxic phase: jaundice 
due to liver damage, abdominal 
pain. Bleeding in mouth, eyes, 
gastro- intestinal tract causing 
bloody vomiting (“black vomit") 
West Nile Virus e West Nile fever Mosquito bite Additionally various 
(WNF) nonneurologic complications 
e West Nile (hepatitis, pancreatitis, 
neuroinvasive myocarditis, rhabdomyolysis, 
disease (WNND) orchitis, nephritis, optic neuritis, 
e West Nile virus cardiac dysrhythmias, 
encephalitis hemorrhagic fever with 
(WNE) coagulopathy and cutaneous 
e West Nile manifestations possible 
meningitis 
(WNM) 
e WestNile 
meningoencephal 
itis 
e West Nile 
poliomyelitis 
(WNP) 
Japanese encephalitis | Japanese Mosquito bite Fever, headache, | in 250 
virus encephalitis infections develop into 
encephalitis with neck rigidity, 
cachexia, hemiparesis, 
convulsions 
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Table 1 (continued) 


Pathogen Disease Transmission Clinical features 
Saint Louis Saint Louis Mosquito bite Fever, headache, encephalitis 
encephalitis virus encephalitis similar to Japanese encephalitis 
symptoms 
Ross River Virus Ross River Fever Mosquito bite Influenza-like-illness, 
polyarthritis, arthalgia, rash 
Murray Valley Murray Valley Mosquito bite Fever, headache, nausea, 
Encephalitis Virus encephalitis (MVE) vomiting, in rare cases MVE with 
(MVEV) permanent neurological disease or 
death 
SARS coronavirus Severe acute Contact to contaminated bats Nonspecific flu-like symptoms 
(SARS-CoV) respiratory and palm civets, person-to- 
syndrome (SARS) person 
Algae — 
Cyanobacteria Various Toxins in drinking water or Neuro-, hepato-, cyto-, 
direct contact with surface water | endotoxins may cause diff. 
blooms diseases, dermatitis, hepatitis, 
respiratory symptoms, involved in 
amyotrophic lateral sclerosis 
ALS, potentially fatal 
Pfiesteria piscicida Estuary-associated Toxins in water Respiratory, gastro- intestinal 
syndrome and eye irritation, acute skin 
burning (on direct contact with 
water), muscle cramps, headache, 
deficiency in learning and 
memory, confusion 
Fungi 
Aspergillus Aspergillosis: Inhalation, entering bloodstream | Chronic, invasive or allergic 
chronic pulmonary via lungs forms, Pneumonia, fever, chest 
aspergillosis (CPA), pain, dyspnea, cough, blood clots, 
aspergilloma, risk of dissemination throughout 
allergic the body infecting major organs 
bronchopulmonary in case of deficient immune 
aspergillosis system, kidney and liver failure, 
(ABPA) otomycosis, fungal sinusitis, 
keratitis, onychomycosis 
Candida Candidiasis Candida are generally presentin | Superficial, local or systemic and 
healthy humans, but overgrow potentially life-threatening 
normal flora in case of symptoms (skin, nails, genitalia, 
weakened or undeveloped local | respiratory and gastrointestinal 
or systemic immune response or | tract), fungemia called 
metabolic illnesses candidemia in 
immunocompromised humans 
Cryptococcus Cryptococcosis Inhalation from the environment | Rarely occur in 
immunocompetent humans, fever, 
fatigue, chest pain, dry cough, 
swelling of abdomen, headache, 
blurred vision and confusion, 
meningitis 


Runoff fluxes and pathogen release will be affected, either positively or negatively, however, 
the real effects on the pathogen concentration in surface waters and their transmission via water and 
food remains unknown. Cryptosporidium and Giardia are parasitic protozoa that constitute the 
leading causes of waterborne enteric disease outbreaks worldwide but many other pathogens are 
causes of enteric diseases transmitted via drinking water or eating food contaminated by infected 
feces (see table 1). Understanding the distribution of waterborne protozoa species in environmental 
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waters and keep in mind that the climate changes will have an influence in their distribution and 
transmission is a good basis to improve the existing regulatory monitoring and water quality 
management. 


3. WHAT IS POSSIBLE TO DO FROM THE SITE OF THE MEDICAL COMMUNITY 
TO PREVENT THE DISTRIBUTION OF INFECTIOUS DISEASES 


This is a call for attention to the developments of new and useful molecular technologies and 
specifically its application for the control of infectious diseases in association with climatic 
changes. 

It is important to identify not only the occurrence and prevalence but also the level of burden 
and at best the source of contamination with any pathogen (water-, food-, and vector-borne) to 
maximize the public health surveillance. During the drinking water purification, particularly the 
monitoring of common protozoa like Giardia and Cryptosporidium is requested by reason that they 
belong to the most frequently detected causes of waterborne parasitic protozoan disease outbreaks. 
Care should be given as their infectious dose is low. Detection and identification methods of 
waterborne parasitic protozoa should be standardized and easily accessable for everybody 
worldwide and should be component of clinical routine screening investigations [23]. 


3.1. Loop-mediated isothermal amplification (LAMP) - as an example for a new and useful 
molecular technology for monitoring and investigations of environmental influencing 
substrates helping to protect and heal/restore 

The LAMP was developed as nucleic amplification test (NAT) and was declared to have “high 

specificity, efficiency and rapidity" [24]. Ever since, the LAMP outmatches the PCR as molecular 

method because it is more effective and less sensitive to contamination of the target DNA [25]. For 
this method, only a robust polymerase (BST) and four primers recognizing six different sequences 
of the targeted DNA are required [26]. After 1 hour in a constant temperature of 60-70°C DNA, 
fragments of different lengths which can be easily detected are existent. Due to the design of this 

method, a high specificity towards the DNA sequences is gained [25]. Karanis and Ongerth (2009) 

provided an overview and they described the high potential for extensive applicability of the LAMP 

[26]. 


3.1.1 Application possibilities of LAMP detection method 

Since its development in the beginning of the year 2000, LAMP has been widely applied for 
detection and analysis of nucleic acid sequences, especially those derived from pathogenic 
microorganism. Over the years, a vast number of protocols have been published that are more or 
less applicable for detection of a variety of pathogens including viruses, bacteria, fungi and worms, 
amongst other. The development was fostered by establishment of appropriate RT-LAMP assays, 
which can amplify RNA with the addition of reverse transcriptase, in analogy to RT-PCR [27]. The 
scope of use of LAMP has been extended to more sophisticated applications like sex identification 
of animal embryos and living animals, tumor detection and detection of food ingredients with 
genetically modified contents. In practical terms, LAMP assays suitable for in-field-analysis and for 
application in rural hospitals and resource-limited hospital laboratories have become more and more 
important. 

In virus detection, LAMP has come to popularity after 2003 following SARS and West Nile 
virus emergence. Naturally, the vast majority of papers deal with the detection and differentiation of 
more prominent virus classes, i.e. Herpesviridae, Hepadnaviridae, and Retroviridae. LAMP assays 
are capable of diagnosing viral infections in many sub-domains of human medicine. Besides 
hepatitis, HIV and viral hemorrhagic fever, multiple pathogens for viral gastroenteritis, respiratory 
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infections and childhood diseases can be detected by LAMP with a high sensitivity and specificity. 
In the context of veterinary medicine, LAMP was successfully applied for diagnosing rabies, avian 
influenza, foot-mouth disease and multiple viral diseases in fish and shrimp. Furthermore, detection 
of several plant pathogenic viruses has successfully been demonstrated by LAMP. 


3.2. Future perspective 

From the perspective of the medical community, for preventing the distribution of infectious 
diseases, the accurate diagnosis of pathogens and diseases at any time and particular during 
outbreak events and epidemics is the premise; it is necessary to provide alternative possibilities and 
make it possible to respond rapidly to risky situations in order to protect the public health. Future 
research must be shifted to the conclusions of basic research efforts that also include findings on the 
developmental stages and life cycles of the pathogens. In addition to the above mentioned topics the 
reader is requested: Hold the future directions and challenges in front of eyes - the challenges that 
still lie ahead of us. 
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Abstract 


A typical carbon reuse value chain consists of a CO» emitting industry (source), the carbon capture, 
treatment and purification facilities, the carbon transportation infrastructure and a CO» end 
receiving process (sink). All four steps are interrelated and the qualitative and quantitative 
characteristics/requirements of each one strongly affect the composition of the entire system. Thus, 
the design of a successful and technically feasible value chain and the subsequent formulation and 
implementation of an economically viable business model requires a holistic and systemic approach 
and a detailed analysis of all its components. This paper will attempt to address this issue by 
critically reviewing the major existing studies performed for all the stages and to formulate an 
overall methodological framework, towards enabling the creation of new value chains based on 
carbon dioxide reuse. An appropriate taxonomy of all the sources has been proposed, the physical 
requirements, the economic performance and the applicability of the major capture, treatment and 
purification technologies have been examined and potential clustering opportunities based on the 
quantity and quality requirements of the CO; conversion process have been identified. 


Keywords: carbon capture utilization (CCU); systemic approach 


1. INTRODUCTION 


A generic CO» value chain is presented in Figure 1 

Figure. However, the boundaries among the different stages or even their order in the chain are not 
very strict. For example, purification and treatment technologies are often considered to be the final 
stage of the capture process. The selection of the components in such a value chain depends on 
several factors. The choice of capture technology is mainly based on the CO» source and its main 
characteristics (mass flow, CO» purity, impurities and prevailing conditions - temperature and 
pressure of the process). On the contrary, the selection of purification and treatment technologies 
may vary depending on the chosen transport method and the CO» sink (terminal storage point or end 
use) and its quality requirements. 


Figure 1. Generic carbon dioxide value chain 


Thus, in order to propose, design and implement a technically feasible and economically viable 
value chain a systemic approach is necessary and detailed knowledge of all of its components is 
required. The current paper will present all the necessary information required to develop such a 
value chain. Sections 2-5 will address each one of its four main stages (source, treatment, transport 
and end-use) whereas Section 6 will examine the key parameters that affect its economic viability. 
Finally, Section 7 will summarize the key findings and suggests areas for further research. 
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2. CARBON SOURCES 


Currently, there are no unified or authoritative criteria for the classification of CO» streams and all 
existing classifications of the CO» concentration differ significantly between organizations and 
industries. In general, it can be stated that capturing and producing CO» as a “commercial” product 
generally depends on the availability of a relatively high-volume, CO»-rich gas stream. However, 
from a business perspective, the most important factors related to the CO» source, which should be 
taken into account for a potential CO» reuse investment, are the cost of separating and purifying the 
CO» from the effluent gas stream and the energy required, if any. The effluent gas stream 
characteristics that strongly influence these two parameters are the concentration of CO; and the 
presence of impurities. Furthermore, another important factor that affects the economic viability of 
an investment is the available effluent gas flow per annum. 

Concerning the effluent gas flow, the literature review has revealed that there are some non- 
statutory boundaries for classifying CO» sources, according to their size. IPPC states that CO, 
stationary sources should be considered “large scale” if they are emitting over 0.1 MtCO» per year 
(Mtpa) [1]. This threshold was selected because the sources emitting less than 0.1 Mtpa together 
account for less than 1% of the emissions from all the stationary sources. Several interviews with 
industrial stakeholders from the Port of Antwerp and the Stenungsund Industrial Park have guided 
towards specifying the boundaries for the other scales. The lower limit was decided following a 
statement from one of the interviewees that the minimum flow of CO; in order to even consider 
building a small pipeline, is 35ktpa. Thus, the proposed classification scheme for CO» sources is the 
following: 

e Micro Scale: 0.035-0.075 Mtpa 
e Small Scale: 0.075-0.1 Mtpa 

e Moderate Scale: 0.1-0.5 Mtpa 
e Large Scale: 720.5 Mtpa 

For the stream classification based on CO» purity, some indicative specifications have been 
formulated by research projects or organizations, although there are no nationally or internationally 
agreed standards. The emphasis is mainly on pointing out the high-purity CO2 sources, which can 
be defined as the gas streams from which CO2 does not need to be separated, but that can be 
applied directly for CO2 utilisation and/or storage, only requiring compression and removal of 
water and minor impurities. According to a report by Carbon Counts [2], all CO» flue gas streams 
with CO» concentration greater than 80% can be classified as high purity, whereas Element Energy 
[3] listed natural gas processing, hydrogen, ammonia and biofuel production from fermentation as 
the most common sources of high purity CO», with average concentration in flue gas over 9596. Jin 
et al. [4] have classified CO» sources in four bins based on the impact of the CO» concentration on 
the energy requirements (and the resultant cost) for separating CO» from the gas stream. After 
consulting with the industrial stakeholders, it was decided that the most appropriate and simple 
classification scheme was the following: 

e High Level: >90% 
e Moderate Level: 20-90% 
e Low Level: <20% 

The third criterion, the presence of impurities, poses more difficulties in the classification due 
to (a) the large number of possible substances which may be considered impurities and (b) the fact 
that their presence in the gas stream depends on various parameters (i.e. fuel and raw materials 
used, conditions of the process etc.) which may differ between plants of the same product, even in 
the same industrial cluster. For these reasons this criterion was, initially, excluded from the 
classification matrix, which is presented in Table 1. The matrix is populated based on average 
literature values both for size and CO» concentration level and the values included are only 
indicative because (a) the size of the source heavily depends on the capacity of the industrial plant 
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and (b) the purity level and CO» concentration in the effluent gas stream, especially for combustion 
related processes, depend on the quality/composition of the fuel used, the oxygen to fuel ratio 
during combustion and the detailed production process of each plant. 


Table 1. CO; Sources Classification Matrix 


High Level Moderate Level Low Level 
(>90%) (20%-90%) (<20%) 
Small Scale Fermentation - - 
(<0.1 Mtpa) 
Ethylene Oxide Plant Bi DS 
Medium Scale Syngas Production , P 
- Fluid Catalytic Cracking 
(0.1-0.5Mtpa) Ethanol Plant Pulp & P Mill 
Methanol Plant Up ape 
Coal Power Plant 
Ammonia Synthesis Cement Production Pone 2: ig 
Large Scale Natural Gas Sweetening Kiln Flue Gas Scrubbing ; HANG 
: Oil Refineries 
(20.5Mtpa) Hydrogen Production Blast Furnace : 
Oxy-firing Process Oxygen Blast Furnace Torr steel MUNS 
i 8 ye Ethylene Plant 
Kraft Mill 


3. CARBON CAPTURE TECHNOLOGIES 


The objective of this section is not a detailed literature review of all the potential capture 
technologies. For that purpose, there exist several scientific papers [5] and publicly available reports 
and reviews [6, 7] which also describe in detail all the chemical reactions and relevant 
characteristics of these technologies. Our objective is to present a compact review of the most 
widely used technologies and emphasize on the characteristics that will be interesting for the 
formulation of a new value chain based on carbon dioxide reuse. 

Carbon capture technologies can been classified in three categories: (a) post-combustion 
capture, (b) pre-combustion capture, and (c) oxy fuel combustion. Post combustion systems capture 
CO,» from the flue gas which are produced after burning fossil fuels or other carbon-containing 
fuels. According to the technique used, they can be further classified in three categories: 

e Absorption by chemical solvents 
e Adsorption by solid sorbents 
e Membrane separation 

Absorption by chemical solvents is the most widely used technology for post-combustion 
capture of CO». Among the available chemical solvents, monoethanolamine (MEA) is the most 
widely used, because of its high reactivity with acid gases (like CO»), its fast reaction time and its 
ability to remove high percentages of CO», even at low CO» concentrations. However, it is also 
characterized by high corrosivity, high energy consumption for desorption and relatively low limit 
on the maximum CO» loading capacity [8, 9]. Ammonia and the so-called second generation of 
solvents (such as ionic liquids) are also examined as potential solvents but are still in early stages of 
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research for CO» capture [10]. 

Solid sorbents adsorb CO; on their surfaces, which is released by altering the temperature or 
the pressure change, leading to the regeneration of the original sorbent. Such a technology seems 
promising and may offer lower energy consumption but is still in the phase of technology validation 
[7]. Membranes in post combustion capture, are mainly used to separate CO» from N» and O». Due 
to low CO, partial pressure, a huge surface is required, making membranes one of the least 
favourable options since it is not economically competitive with amine-based post-combustion CO» 
capture and is not expected to be widely used unless high selectivity can be achieved [10]. 

Pre-combustion capture refers to the isolation of CO», which is the by-product of an industrial 
process (such as ammonia production and coal gasification) where no combustion is involved. In 
the case of power plants, carbon cannot be capture as it is in the fuels and must be converted to a 
more suitable form, in order to remove it from fuel prior to combustion. The more technologically 
advanced pre-combustion capture systems include chemical and physical solvents, which are used 
widely in natural gas and synthesis gas production. Absorption by chemical solvents is used to 
remove CO» when its partial pressure is low and the physical and chemical characteristics of the 
process are similar to the post-combustion capture. Physical absorption is an expensive process and 
requires a significant amount of energy for CO» capture. It is more applicable when the gas stream 
has a high CO; partial pressure and/or a high total pressure [1]. Solid sorbents or membranes are 
processes at the earliest stages of development and are not commercially available yet for pre- 
combustion capture [10]. 

In oxy-combustion processes, the fuel is burned with pure oxygen and not with air, thus 
avoiding impurities in the flue gas stream such as N (and its compounds NO and NO;) or Ar, and 
the CO» capture efficiency reaches almost 100%. The disadvantage is the high cost of producing 
pure oxygen, due to the energy intensive air-separation process. Although oxy-fuel combustion 
technology is being steadily applied in the iron and steel (oxy fuel furnace) and glass melting 
industries today, the relevant CO» capture technologies have not yet been deployed on a commercial 
scale [1] and they are not expected to be commercially available before 2025-2030 [11]. 


4. CO; TRANSPORTATION 


There are several options available for transporting CO» (e.g. onshore or offshore pipelines, tankers, 
railroad, trucks) and the selection is determined by: 

e Quantity of CO»; 

e Distance and terrain morphology; 

e Purity characteristics of the CO» stream; and 

e = Existing infrastructure 

Usually, pipelines are the most cost effective means of transport for large quantities over medium 
distances, whereas ship transportation can be economically viable when the overall distance is 
relatively large (>1000 km) or over large bodies of water. Rail and road transport are rarely used 
and will be feasible for moving CO» on a small scale for specialised applications (Boot-Handford, et 
al, 2014). In any case, the CO» transport chain has one of the two following configurations: 

e Source — Compression - Pipeline — Sink 

e Source - Liquefaction — Storage — Loading — Truck/Ship — Unloading — Sink 


5. CO 2 RECEIVING PROCESSES 


CO» is currently used as an input in several industrial processes and the various technologies and 
products are currently in different stages of development. For the purposes of this analysis, a list of 
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CO»-receiving processes has been compiled based on an extensive literature review and the TRL of 
each one has been determined. TRL is a systematic metric system used to assess the maturity level 
of a technology, which varies from 1 to 9, with 9 being the most mature process. The most 
promising processes have been selected for the estimation of the potential for CO; utilization, based 
on their TRL, their inclusion in previous mapping attempts [12, 13] and the comments from the 
interviewed industrial stakeholders. For each one of the process, the most important design 
parameters and quality requirements have been collected [14, 15, 16, 17, 18, 19] and are presented 
in Table 2. Of course, the list is not exhaustive and one may argue that several important and widely 
applied or promising end-uses are missing (such as polymer production or algae production). 
However, the main objective of the list is to highlight the level of detail required for each end-use in 
order to formulate a CO» value chain and not present a complete inventory of CO2 receiving 
processes and their characteristics. 


Table 2. Design parameters and quality requirements for CO receiving processes 


CO; to Product , Potential 
TRL Ratio Purity P, T, Catalyst S nU 
Depends on 
Horticulture 9 0.5-0.6 crop), Avoid Low T, No aste dedi 
Production kgCO./hr/100m’ SOX, NOX & Catalyst 
Heavy Metals 
High P (SMPa), Water and 
Methanol 7.9 1 tCO» produces Concentrated High T excess energy 
Production 0.728 t CH30H CO» source (225°C), Metal supply, Low 
Catalyst cost electricity 
Ammonia 
Urea LR No quality High P, High T, production, 
y 9 tCO» per t of : 
Production uten requirements No Catalyst natural gas 
sources 
IHGOs produóes No quality Optimal P: 40- Industrial waste 
Carbon : 150 atm, (slag, fly ash 
: rod 7-8 1.916t requirements, : 
Mineralization aoet Avoid S Optimal T: and waste 
8 100-180 ?C  water/brine) 
Bauxite Residue 9 30-50 kgCO» High Purity High Pressure Aluminium 
Carbonation per t of red mud (» 8596) (4MPa) Industry 
Concrete UREN No quality Cement 
: 7-8 of precast ; No Catalyst 
Curing requirements Industry 
concrete 
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6. DEVELOPING A CO; VALUE CHAIN 


As it has been already mentioned, the development of new value chains requires a detailed 

knowledge of the technical characteristics of all involved stages. However, in order to formulate 
and implement sustainable business models, apart from the technical matching, the financial 
viability of the chain should be examined. As in any case where private companies are involved, 
one of their main objectives is to identify a profitable solution and to avoid reducing the net 
economic output of each stakeholder. 

For a CO» source, this means that the cost of capture and treatment per tonne of CO» should be 
lower than the sum of the selling price of the captured stream, the carbon tax (paid by the company 
when emitting CO» to the atmosphere — ranging from 5-10€/tCO») and the profit margin. On the 
other hand, a potential CO» receiver needs to ensure that the cost of purchasing captured CO» and 
the investment required for any alterations required in the production process will be lower than the 
commercial price of the CO; plus the envisaged profit margin. To that end, it should be also taken 
into account that the company may potentially increase the price of their final product by 
advertising it as carbon neutral. 

Critical parameters for the economic viability of a CO» value chain are obviously the agreed 
selling price of CO» (which eventually affects the economic output of both stakeholders) and the 
distance between the two facilities. The distance will also determine the means and subsequently 
the cost of transporting CO». An allocation of this figure to the involved stakeholders may be 
performed, only after taking into account the existing infrastructure in the region (e.g. unused 
pipelines, railway services). Thus, more detailed calculations about the viability of CO; value 


chains can be performed on a case by case basis, since the list of possible combination can be 
endless. 
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Figure 2. Profitable range of seeking sinks for a high purity source 
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One way of extracting some generic conclusions is to approach the problem from the viewpoint 
of a carbon source, and determine the maximum distance that a CO; supplier can search for a 
potential buyer by having at the same time a positive net economic output. Figure 2 presents the 
results of the analysis for a medium scale - high purity source (where the only treatment required is 
compression), by assuming point-to-point transportation and its entire cost is being paid by the 
supplier. Data for the current level of carbon capture and transportation costs have been collected 
from the existing literature [3] and synthesized. The results show that the railway offers a bigger 
radius, with the limitation that railway is not connected to every point in the circle, and onshore 
pipelines is the next best solution. Trucks could only be considered for a small radius of 2-3 km 
around the facility. 


7. CONCLUSIONS AND SUGGESTIONS FOR FURTHER RESEARCH 


Formulating and developing a CO» reuse value chain is not a straightforward task because apart 
from the amount of flow, the purity and the physical and chemical properties of the stream should 
also be taken into account. Moreover, after identifying all technically acceptable solutions, the 
economic viability of all involved stakeholders should be examined. Detailed calculations can only 
be performed on a region specific example. More generic conclusions could be drawn by 
approaching the problem from the viewpoint of a carbon source, and determining the profitable 
range for seeking potential receiving processes. 

Similar results could be achieved, by approaching the problem from the viewpoint of a carbon 
sink; either by determining the maximum distance where a potential supplier could be located (for 
existing businesses) or by identifying regions where all prerequisites for a receiving process are met 
and thus a new industrial facility could be built. Moreover, sensitivity and tipping point analysis 
need to be performed in order to account for the influence of scale and logistics costs in addition to 
capital costs of suitable capture and treatment technologies, and the anticipated rise in the carbon 
credit and the CO» commercial price in the future. 
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Abstract 


This paper examines the proper planting order and the use of evergreen and deciduous trees for 
shading the surrounding area and the structure elements of a building, in order to achieve thermal 
comfort conditions for the inhabitants, through the energy balance aiming at a Zero Demand 
Building. The simulation project takes place at a northern city of Greece, Thessaloniki (G. Lat. 
40.23. — G. Long. 23.00"). Main objective of this study is the development of a calculation 
procedure which can be used from designers in order to calculate the height of planting in relation 
with the distance from the building. The plan of proper planting uses the solar movement, radiation, 
and Heating /Cooling Degree Days to build a shade zone for summer and a sun zone for winter 
based on bioclimatic design principles. The aim of the analysis is to point out that large amount of 
energy can be saved by using several "green" techniques and criteria in order to reduce the 
environmental footprint of cities in the area of South Europe. 


Keywords: energy balance; proper planting; Zero Energy Building; bioclimatic design. 


1. INTRODUCTION 


The European Union is facing a variety of energy challenges resulting from energy scarcity, large 
amounts of energy imports, increasing of energy consumption and because of its policy adaptations 
to limit climate change. A significant part for a future solution will be the energy efficiency policies 
for buildings and environment. In accordance with Directive 2010/31/EU of the European 
parliament and of the council of 19 May 2010 on the energy performance of buildings 40% of total 
energy consumption has its origin in public and private buildings [1]. It is obvious that energy 
savings should be a priority for a sustainable living. Bioclimatic criteria and ecological techniques 
used to form the proper conditions between the environment and constructions [2]. Thus, the 
contribution of planting affects the microenvironment as a regulatory factor around the building 
through shading and evapotranspiration phenomenon, the energy balance is affected also by the 
periodic changes of the sun during the summer season and by the appropriate planting design. The 
heat transfer phenomenon increases through the construction materials as the sun's heat energy is 
absorbed into the wall, therefore a comfort zone is necessary at achieving a sustainable design. The 
appropriate position (azimuth, 0'-360^) for a tree in relation with a distance from a building giving 
the proper height creating a physical obstacle which in combination with sunshade reduces the 
amount of energy for cooling in summer season. 
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2. MATERIALS AND METHODS 


The objective of the present work is to examine the weather conditions at the study location and 
specifically the cooling load during summer period and analyse how the proper planting type should 
be designed to succeed thermal comfort conditions and comfort indices like PMV-PET-SET [3,4]. 
Both graphs in Figure 1 and 2 show the average daily per month solar radiation, heating and cooling 
degree days and Minimum, Maximum, Average temperatures per month [5,6]. Calculations with 
sophisticated programs like Energy Plus, Ecotect analysis, Meteonorm, 3d Studio Max using 
weather data for making the simulation process more accurate. The 3d model analyzing the 
environmental plan around the building and calculates in combination with weather data base the 
cooling loads for summer, which are very important for shade zone and the type of construction at 
any place according to bioclimatic architecture. Analytically, both diagrams represent the load of 
cooling and heating for a specific region, equations below calculate the sun path and give the 
correct angle (a) as it seen in Figure 3. Main purpose of this paper is to identify with accuracy the 
height of planting, the coordinates for the right position (azimuth) and the cooling energy KWh/m? 
for a variety of window sizes. 
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Figure 1: Representation of H/CDDs and limits Figure 2: Representation of temperatures and 
of comfort. comfort levels. 


2.1 Geometric method for solar path and height of planting 

The periodic changes of the sun produce a variety of energy amount which is a result of sun's 
elevation and the azimuth. The equations below give the specific position of the sun for any day and 
time in the year and also the angle which calculates the triangle for the height of the tree in order to 
design an excellent shade zone at any side of the building. 


Day of the year: 
Solar declination according to (Smith and Wilson 1976) is given by: 
D os. (360° (D,-81) 
5 = 23.45'sin (SS) (2) 
In radians according to (Pier point 1982): 
5 = 0.4093 sin (2-0) (3) 


The solar time is given as follows: 
S.T.= L.T. A(L; — Long.) + Ec 
(4) 


Equation of time is given by: 
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E, = 229.2(0.000075 + 0.001868 cos(B) — 0.032077sin(B) 
—0.014615 cos(2B) — 0.04089 sin(2B)) 


where B is the coefficient of equation of time: 


360 


B =(D-1)# 


365 


(5) 


(6) 


Li is the standard meridian for the local time zone, Long is the longitude of the location. The hourly 


declination angle of the sun is given by the relation: 


w = 15'(12 — S.T.) yia S.T.12 (7) 
w-—15'(S.T.—12) yia S.T.» 12 (8) 
or w = 15° |S. T. 12] (9) 
Solar elevation angle calculated from the relationship (Kittler and Mikler (1986) : 
a = sin !(cosq * cosó * cosw + sing * sind) (10) 
Solar azimuth angle calculated from the relationship: 
For morning hours, H < 12 
cosAN = cotA® sinA¥ 
= — (cos g tanó + sing cosw) t 
= cosa (cos g tanó + sing cosw) 
= — [(cos o sind + sing cosó cos (15° H)] (11) 
Then afternoon azimuth for H > 12 can be calculated after: 
cosA® = 360° — — [(cos g sinô + sing cosó cos (15° H)] (12) 
Angle for ENa triangle: 
N = 180 -90-a (14) 
Side n for triangle ENa calculated from the law sines: 
iii as 
Side for ABa triangle: 
b=x+n (16) 
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Side y (height of the planting) for triangle Aba calculated from the law sines: 


(17) 


reducing summer solar gain 


Figure 3: Geometric study of the solar gain 


2.2 Appropriate Planting and combination with sunshade elements 

Winter season in the N. Hemisphere (G. Latitude 40, 5 ° - G. Longitude 23 ^) includes the following 
months December — January — February. The winter period ends on 28 of February, during the 
winter months solar radiation is acceptable because sun increases thermal gains and improves 
energy balance. On February 28, the sunrise starts at 07:06 a.m. and 100.3° azimuthal angle and sun 
sets at 18:16 p.m. with azimuthal angle 259.9’. In accordance with General Building Regulation [8], 
there is acceptable insolation when the sun's elevation is over 7.5° and the azimuthal angle 22.5" 
from the study surface, thus the acceptable energy from the sun starts at 07:50 a.m. with 107.6 
"azimuthal angle and elevation angle 7.7' and lasts until 17:32 p.m. elevation angle 7.7° with 
azimuthal angle 252.7, Figure 4 and 5. Using the specific position for planting design, a solar 
window remains open for solar radiation and the sun rays are not blocked by anything, thus the sun 
radiation comes into the building. Analytically as it seen in Figure 4 and 5, the plan includes two 
options, the first one which starts from 107.6" azimuthal angle and the first type of vegetation 
belong to the category of deciduous trees which ends at 252.7" azimuthal angle Figure 4, and the 
second one in which the planting combines with sun protection elements (sunshades). It is obvious 
that in the Figure 5 there is sun protection with sunshades, so there is no deciduous trees in the 
south side of the building. 

The summer season includes June - July and August, On June 21th each year, the rays of the 
sun will be perpendicular to the Tropic of Cancer at 23?30' North latitude. This day is the summer 
solstice in the Northern Hemisphere. The sun rises earliest in the morning and it sets latest at night, 
thereby the energy load is higher and the need for cooling maximizes as it seen in Figure 1 and 2. 
At the study area on June 21th the sunrises at 05:00 a.m. with azimuthal angle 58.0* It is mentioned 
above that the acceptable insolation is when the sun's elevation is over 7.5" and the azimuthal angle 
22.5° from the study surface, thus the acceptable energy from the sun starts at 05:48 a.m. with 65.5° 
azimuthal angle and elevation angle 7.6° and lasts until 19:12 p.m. elevation angle 7.6° with 
azimuthal angle 294.5 °, Figure 4 and 5. The proper placement which have already been referred 
blocking the sun rays when the sun rises (65.5 azimuthal angle) and later when the sun sets at north 
west of the building (294.5° azimuthal angle) at this point it is important to refer that it can be used 
both types of vegetation evergreen (dark green) or deciduous (light green), Figure 4 and 5, in 
combination with wind maps and their strategic use on the field. 
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Building a. 


S S 
Figure 4: Appropriate planting around the Figure 5: Appropriate planting around 
building without sun shades. the building with sun shades. 


The spring season includes the months March - April - May, according to, May is the month in 
which begins the trend of high temperatures which exceed the comfort zone that is set for this study 
area (G. Latitude 40, 5° - G. Longitude 23°), and is also observed and the onset of Cooling Degree 
Days. So that, is the month in which proper routes of planting and use of evergreen and deciduous 
trees have been made in order to shade the surrounding area , the building and thus to succeed 
thermal comfort of the people who live there. However, the months of March and April respectively 
maintain low temperatures (9.5 °C - 13.2 °C), hence the first type of vegetation belongs to the 
category of deciduous, so it allows passage of the solar rays from the southeast and southwest 
openings during the Spring season for keeping solar gains in balance with losses. At the study area 
on May Ith the sunrises at 05:29 a.m. with azimuthal angle 69.5 and sun sets at 19:22 p.m. with 
azimuthal angle 290.8. It is mentioned above that the acceptable insolation is when the sun's 
elevation is over 7.5° and the azimuthal angle 22.5° from the study surface, thus the acceptable 
energy from the sun starts at 06:14 a.m. with 76.6° azimuthal angle and elevation angle 7.7° and 
lasts until 18:38 p.m. elevation angle 7.7° with azimuthal angle 283.85 Figure 4 and 5. 


Table 1. Appropriate planting in combination with sunshades 


Altitude of the Sun , Jun 21, 2016 West Site of | West Site of | West Site of | West Site of 
The Building | The Building | The Building | The Building 
Azimuth of the Sun , Jun 21, 2016 
Height of the planting (y), at a distance 5 and 3 meters 
E2300, N4023 from the building (m) 
Zone: + 2h East of Greenwich Without 0.60 m 1.00 m 1.50 m 
Thessaloniki Sunshade Sunshade Sunshade Sunshade 
Local Time Solar Solar 5m 3m 5m 3m 5m 3m 5m 3m 
Altitude | Azimuth 
12:59 72 202.5 18.4 | 12.2 - - - - - - 
13:59 64.7 234.6 13.6 | 9.35 | 11.98 | 7.75 | 10.98 | 6.75 - - 
14:59 54.5 253 10 7.2 9.11 | 6.31 | 854 | 5.74 | 7.81 5 
15:59 43.3 265.2 7.7 6 7.14 | 5.26 | 6.77 | 4.89 6.3 4.41 
16:59 30.7 275 6 4.8 5.61 | 4.42 | 5.38 | 4.19 5.5 3.88 
17:59 20.6 283.8 5 4 4.65 | 3.90 | 4.49 | 3.74 | 43 3.55 
18:59 9.8 292.6 4 3.5 3.75 | 341 | 3.66 | 3.32 3.6 3.2 
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As it is shown in Table 1, have been made four simulations for western side of the building 
which is the most sensitive surface because of the energy loads during the summer period. The 
simulation estimates on the combination between the vegetation and the sunshades. The sunshade 
model has three types of length, 1.5m — 1.0m — 0.6m, in combination with appropriate planting 
position (azimuthal angle) and its distance 3m - 5m from the building. The height of the tree is the 
key for the correct type of planting. Information that is presented in Table 1, compares the types of 
planting and the use of sun protection elements in order to contribute at the energy balance of the 
building. 


3. RESULTS AND DISCUSSION 


3.1 Effect of appropriate planting 

The analysis of proper planting which have been created and placed in the surroundings created a 
map of energy that develops around the building. The appropriate planting form creates a "ring" of 
shade around the building and protects the surrounding area from the amount of energy which is 
obviously reduced as it is illustrated in Figure 6, 7, 8 and 9. Construction elements including Walls, 
Columns, Beams, etc. absorb less energy by the sun. 


Analysis 


Figure 8: Shade zone on June 21th. Figure 9: Amount of energy on June 21th 


The simulation which has been made at the western part of the building, Figure 8 and 9, 
indicates less radiation per square meter at the study surface in the 87.5% of the total area. The 
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87.596 has very low rates of energy at the center of the surface and the 2.596 of the surface a bit 
increased close to the sides of the study area. The energy balance is affected especially when the 
surface has a window, Figure 10, 11 and 12. The stereographic diagram Figure 9, for energy loads 
(watts) represents the solar path during the year and solar radiation for the study area (Western side 
of the building). Main objective is to identify if the sun rays and the amount of their energy is 
allowed in winter and if not in the summer season, according to the plan of appropriate vegetation. 
Analytically in the Figure 9 the diagram illustrates that the winter zone uses the sun rays for heating 
the inhabitants and blocks them in summer season. 


3.2 Thermal comfort indices 

The western section was also studied during the summer season with the software RayMAN [5], the 
indicators (PMV, PET and SET) of thermal comfort [3, 4] have been examined outdoors in the west 
side of the building at 15:00 p.m. 


Table 2. Thermal Comfort Indices. 


Thermal Comfort Indices — Western Side of the Building — 15:00 p.m. 


Period Winter season 
Project Thermal Without trees on Human With trees on Human 
Comfort the field sensation the field sensation 
T PMV -3,0 Cold PMV -3,6 Very cold 
PET -5,5 Very cold PET -4,9 Very cold 
Seat SET 0,0 Very cold SET -3,8 Very cold 
j PMV -2,2 Cold PMV -3,0 Cold 
} PET 1,0 Very cold PET -4,9 Very cold 
Walk t SET 5,0 Very cold SET 63 Very cold 
Period Summer season 
Project Thermal Without trees on Human With trees on Human 
Comfort the field sensation the field sensation 
y PMV 2,9 Hot PMV 0,3 Comfortable 
L PET 304 Hot PET 22,3 Slightly cool 
Seat SET 26,9 Slightly warm SET 14,8 Cool 
i PMV 3,2 Very Hot PMV 1,9 Warm 
| PET 36,6 Hot PET 28,7 Warm 
Walk | SET 28,9 Slightly warm SET 21,2 Slightly cool 


Thermal comfort conditions have been calculated for winter season and summer season with an 
average of temperatures at the study region. The human body examined in two different activities 
for a walking person and another one for a seated man. In combination with appropriate vegetation 
(deciduous, evergreen) the Rayman software examines the human sensation for the study area, 
Table 2. Analytically, as it is shown in Table 2, in winter season the human sensation is in a better 
condition without trees on the field with the sun over the study area without obstacles, than a 
scenario with trees on the field. This is a result of reduced energy through shading and 
evapotranspiration phenomenon. In the summer season thermal comfort indices are excellent for the 
scenario with appropriate planting design and not acceptable for the scenario without vegetation. 
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Figure 10: Cooling energy KWh/m! for a different size of a window (double glazed) 
at western side. 
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Figure 11: Cooling energy KWh/m/ for a different size of a window (single glazed) 
at western side. 
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Figure 12: Differences at energy balance with different window sizes. 


504 13^ International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


3.3 Effect of appropriate planting on the energy balance of a building 

The western part of a building is quite sensitive to high temperatures in summer, the proper planting 
design is an important factor for the bioclimatic architecture. The combination amongst the 
vegetation and the energy balance is a significant part of this work, the simulation which has been 
done indicates how a building model reacts. The basic properties of the building elements include, 
X-Y-Z, 12m-8m-3m, dimensions of the building, total floor area: 96.00 m’, surface area: 312.00 m’, 
exposed area: 216.00 m^, masonry wall: U-value 0.45 W/m*K, typical floor: U-value 0.80 W/m’K, 
and roof: U-value 0.40 W/m°K, the window at the first scenario has double glazed and U-value 2.2 
W/m°K, and for the second part of the simulation single glazed and U-value 6.0 W/m’K. The 
analysis took place in summer period at 13:00 p.m. - 19:00 p.m. when the sun was moving at the 
western part of the building. The only window is at the western surface and analyzes different sizes 
during the simulation in order to calculate the energy balance in correlation with the size of a 
window. As it is presented in Figure 10, 11 and 12, it is obvious the relation between the energy 
balance, the type of the openings and the shade zone. The cooling energy increases while changing 
the size of the window in addition, the energy needs are increased in relation with shade zone 
analysis and the type of the glazed system. 


4. CONCLUSIONS 


The project which has been scheduled for the region of Thessaloniki, indicates how effective can be 
the design of a building or an outdoor space in accordance with bioclimatic principles. The 
necessity for reduced amount of energy uses "green" techniques to improve the energy balance and 
thermal comfort indices (PMV-PET-SET). It is obvious that the study of the weather data in the 
region, the appropriate vegetation and the proper window size with sun protection elements define 
the reactions between the construction and the environmental parameters. Cooling energy and 
thermal comfort indices depending on holistic design of the surroundings, having a right option of a 
window type (double, single) and proper size according to the surface study can be achieved energy 
balance during the summer season and energy savings throughout the year. The cooling energy per 
square meter can be increased at 193, 9% of the energy balance using a large size of a window with 
not good U-value or could have a lower cooling energy value using a smaller size. 
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Abstract 


UV and NIR portions of Xenon light-simulated solar spectrum are focused into visible light with 
maximum wavelengths ranging from 415 to 471 nm through the two-way photoluminescence of 
three anthracenes, anthracene (AN), fluoranthene (FLA) and 9,10-diphenylanthracene (DPA), and 
the intensity of the visible light is two times as that of excitation lights. 


Keywords: focusing; solar spectrum; two-way conversion; anthracene 


Focusing UV and IR portions of sunlight in the visible spectral region and then transforming the 
visible light into power or hydrogen is a more economical and more convenient substitute for 
directly harvesting them as the visible portion of sunlight is the light source of light-catalyzed water 
split into hydrogen, dye-sensitized solar cells, organic solar cell, thin-film silicon solar cell as well 
as industrial solar cell. Using this approach, the efficiency of solar energy is significantly enhanced 
with the increased intensity of the visible portion of sunlight. The conversion of UV and IR light 
into visible light is two-way photoluminescence (down-/up-conversion, DC/UC) and the conversion 
of IR light into visible light should be excited by a monochromatic laser. On the other hand, DC and 
UC usually are two independent processes and the united devices/systems of DC/UC are complex, 
and their preparations are cumbersome. Wavelength-focused (WF) molecules are such molecules 
that are able to shift the portions of shorter and longer wavelengths of incident light into an identical 
wavelength in between, by which polychromatic light is converted into monochromatic light. 
Recently, we synthesized some WF monofluorophore organic molecules that not only are 
stimulated by two or more monochromic UV and NIR portions of a Xenon light source but also 
emit visible light at an identical wavelength, which inspires us to find more WF molecules from the 
well-known fluorescent dyes that all emit much stronger fluorescence. We present in this paper that 
solar spectrum can be focused by anthracene (AN), fluoranthene (FLA) and 9,10-diphenyl- 
anthracene (DPA). 

The excitation and fluorescence spectra of the anthracenes were recorded on a Shimadzu RF- 
530] PC spectrofluorophotometer scanning from 200 nm to 900 nm. Figure 1A shows that the three 
anthracenes can all be stimulated by either polychromatic UV light or polychromatic NIR light, 
indicating that the potions of sunlight at these wavelengths are potentially converted by the 
anthracenec through their photofluoscence. 

It is recorded that the maximum emitted wavelengths of each anthracene by various excitation 
wavelengths are nearly the same, and that for AN, FLA and DPA is around 415, 471 and 438 nm, 
respectively (Figure 1B). However, the excitation wavelengths of the three anthracenes sit at two 
bands: shorter or longer than the emitted wavelengths, showing that the UV and NIR portions of 
sunlight at the excitation wavelengths are focused together at their emitted wavelengths. The 
focused spectra of the anthracenes are presented in Figure 2A. The advantage of the mixture of AN, 
FLA and DPA is that the weak NIR light can be utilized as part of the energy source to make the 
strong visible light (Figure 2B). 
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Abstract 


Most of the recent studies about climate change suggest that the behaviour of some of the 
climatological variables has already changed and will continue to change towards increasing or 
decreasing magnitudes and frequencies, depending on the type of variable. Increased rainfall and 
floods are expected in some regions while other regions will experience smaller rainfall and longer 
droughts, meaning water scarcity. The Mann-Kendall test coupled with the Sen's slope was applied 
to identity the significant trends, as well as the increasing or decreasing trend and the magnitude of 
those trends. The results achieved for rainfall are revealed more frequent significant decreasing 
trends. The Intergovernmental Panel on Climatic Change's (IPCC) Fifth Assessment Report 
concluded that precipitation has generally increased over latitudes north of 30 over the period of 
1900—2005 and decrease in the Mediterranean and southern Asia. In the presented paper we 
evaluate out coincidence with the IPCC report — decreasing rainfall in Syria. 


Keywords: Mann Kendall test; trend analysis; precipitation 


1. INTRODUCTION 


The Intergovernmental Panel on Climate Change [1] provides a comprehensive review of the 
potential impacts on climate. Climatic change is considered likely to increase runoff in the higher 
latitude regions because of increased precipitation on the other hand flood frequencies are expected 
to change also in some locations and the severity of drought events could increase as a result of 
those changes in both precipitation and evaporation. In all these considerations ‘the issue’ then 
becomes the effect of global warming and its impacts on the environment and water resources in 
particular. Precipitation is one of the most important variables for climate and hydro-meteorology. 
Changes in precipitation pattern may lead to floods, droughts, loss of biodiversity and agricultural 
productivity. Therefore, the spatial and temporal trends of precipitation results are important for 
climate analyst and water resources planner [2,3]. Precipitation has changed worldwide during the 
last decades mainly due to climate variability. Climate change studies have demonstrated that the 
land-surface precipitation shows an increase of 0.5-1% per decade in most of the Northern 
Hemisphere mid and high latitudes, and annual average of regional precipitation increased 7-12% 
for the areas in 30-85? N and by about 2% for the areas 0?—55? S over the 20th century [4,5]. 

Many researchers have given a great deal of attention to the potential impacts of climatic 
change and variability in several fields at international level. Only some of them have investigated 
the rainfall variability in Southeast Asia. For instance, Endo et al. (2009) [6] investigated trends in 
extreme precipitation using almost the entire network of stations in Southeast Asia. Almazroui et al. 
[7,8] gave insight into the recent, past and present climate as well as climate change in the Arabian 
Peninsula, in particular over Saudi Arabia. The Middle East countries, including those on the 
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Arabian Peninsula, are characterized by large variations in their climatic conditions, and these 
variations can be significant within a single country (Ragab and Prudhomme, 2000) [9]. Some 
studies in Iran have examined the changes in meteorological variables [10,11]. In contrary their 
results showed that there was no statistically significant climate variability or only slightly 
decreasing trend in annual precipitation in Iran. Almost no study is devoted to rainfalls trend or 
climate variability and its impact to water resources (to the best authors’ knowledge) in Syria. 

Rainfall is a critical meteorological parameter and needs to be measured and evaluated 
accurately; many applications of rainfall data can be studied in depth through knowledge of the 
actual distribution of rainfall. Additionally, the amount of rainfall received over an area is an 
important factor in assessing the amount of water available to meet the various demands of 
agriculture, industry, and other human activities [7]. This paper investigate rainfall trends over all 
Syria. Data for evaluation were obtained from Aleppo University in Syria with collaboration of 
Ministry of Agriculture and Agrarian Reform and Meteorological Center in Syria. The evaluated 
period is from 1992 to 2010. 


2. MATERIALS AND METHODS 


2.1 Study area 
Syria is a country in the Middle East (Figure 1.), bordering the Mediterranean Sea between Lebanon 
and Turkey. The area of Syria is 185,180 km?. Terrain is narrow coastal plain with a double 
mountain belt in the west; large, semiarid and desert plateau to the east. Climate is mostly desert; it 
has hot, dry, sunny summers (from June to August) and mild, rainy winters (December to February) 
along coast [12]. 

It is important to evaluate how climate has varied and changed in the past. The monthly mean 
historical rainfall and temperature data can be mapped to show the baseline climate and seasonality 
by month, for specific years, and for rainfall and temperature. 
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Figure 1. Study area [12] 
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The chart below (Figure 2.) shows mean historical monthly temperature and rainfall for Syrian 
Arab Republic during the time period 1900-2012. The dataset was produced by the Climatic 
Research Unit of University of East Anglia [12]. 
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Figure 2. Average monthly temperature and rainfall for Syrian Arab Republic from 1900-2012 [13] 


2.1 Statistical analysis 

In this study non-parametric Mann-Kendall test is used for the detection of the trend in a time 
series. Mann-Kendall test [14,15] is following statistics based on standard normal distribution (Z), 
by using Eq. (1). 


Ta) if S>0 
Z= 0 if S= (1) 
ud if S«O0 
in which, 
S= Ekai Ajaa sgnGg- XK) (2) 
+1 if (x;- xx) >0 
sgn(x; xp) = 0 if(xj-x,) =0 (3) 
—1 if (xj — xx) «0 
Var(S) = [n(n — 12)(2n + 5) - X, t; (t; — 1) 2t; + 5)]/18 (4) 


where n is the number of data points, m is the number of tied groups (a set of sample data having 
the same value). 

According to this test, the null hypothesis HO states that the depersonalized data (xi, ..., Xn) is a 
sample of n independent and identically distributed random variables. The alternative hypothesis 
H1 of a two-sided test is that the distributions of xy and x; are not identical for all k, j < n with k £ j. 
The significance level is chosen as a = 0.05 and Z,,2 is the value of normal distribution function, in 
this case Zy2= 1.95996. Hypothesis HO - no trend is if (Z < Z5») and H1 - there is a trend if Z > Zan. 
Positive values of Z indicate increasing trends, while negative values of Z show decreasing trends. 

The magnitude of the trend was determined using Sen's estimator. Sen's method assumes a 
linear trend in the time series and has been widely used for determining the magnitude of trend in 
hydro-meteorological time series e.g. [16,17,18,19,20]. In this method, the slopes (f) of all data 
pairs are first calculated by 
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B = Median ( (x; — xx)/G — K)) (5) 


for i = 1, 2, ..., N.. where x; and xy are data values at time j and k (j > k), respectively and N is a 
number of all pairs x; and xy. A positive value of f indicates an upward (increasing) trend and a 
negative value indicates a downward (decreasing) trend in the time series. 

All mathematical relationships (1), (2), (3), (4) and (5) were programmed in Visual Basic in 
Microsoft Excel 2003. 


3. RESULTS AND DISCUSSION 

Results of rainfall analysis — annual trends are presented in Table 1 for monthly average data. 
Monthly data series for the 19 years period, from 1992-2010, were considered for trend detection. 
The evaluation was done for the time period from October to May (X — V) as rainfall in other 
months was almost zero. Bold values indicate statistical significance at 9596 confidence level as per 
the Mann-Kendall test (+ for increasing and — for decreasing). Magnitude of the trend is expressed 
by Sen's estimator of the slope of all the data points. 


Table 1. Trends of rainfall in gauging stations in Syria 


Station Latitude Longitude Trend (X-V) 
Idlib 35555/58^7 36?38/30* -0,04338 
Armanaz 36?05'09* 36°30°14°" -0,03931 
Arihah 35°48 °50~* 36736 27" -0,08397 
Addana 36°13°07~* 36°46 06°" 0 
Maarrat Misrin 36°00°46~* 36°40°17°" -0,06 
Ebla 35°56 °08~* 36°37°23°° -0,08397 
Haram 36°12°447" 36?31712^* -0,04116 
Khan Shaykhun 35726317 36?39726* -0,04958 
Darkush 355597307 36°23377 0,013492 
Saraqib 35951437 36°47°52°° -0,04265 
Kafar Takharim 36°07 06 36?30'58^* -0,01029 
Kafr Nabl 35?3651^7 36?33/39"* -0,05313 
Moh. Wadi Eldaif 35?6442" 36?70720* -0,06618 
Tell Beydar 36?44719"* 40*35'11^* -0,06618 
Tell 3alo Althanya 36?56719* 41?47716* -0,06618 
A] Qunaytirah 33?07'14* 35?49731]* -0,06923 
Hader 33°16°56~* 35?49'507* -0,08333 
Nada Alsakher 33?05'11^ 35556327 -0,04845 
Azaz 36°357137 34702 327^ -0,06597 
A] Bab 36/22/21 37?30'57* -0,02727 
A] Safira 36?05'03* 37?22/18^* -0,056 
Jarabulus 36°49 08" 38°00°27 °° -0,03404 
Aleppo Int. Airport 36°10°50°* 37.1327 -0,00638 
Kobani 36^53/267 38720597 -0,04583 
Aleppo 36?12714* 37°08 02°” 0,057377 
Afrin 36°30°45~* 36551557 0,028261 
Manbij 36?32/10 37*58'03* -0,06604 
A] Rastan 34°55°327* 36°44 00°" 0,017895 
Al Quaryatayn 34 15 501* 37°14187 -0,00451 
Al Qusayr 34°30°30~* 36734567 -0,01739 
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Table 1. (continued) 
Station 


A] Mukharram 
A] Nasrah 
Palmyra 
Taldou 

Tal Kalakh 
Homs 

Shin 
Marmarita 
Izraa 

Shaikh Maskin 
As Sanamayn 
A] Musayrfah 
Tal Shihab 
Daraa 

Nawa 

A] Tal 

A] Qutayfah 
A] Kiswah 

A] Nabk 
Duma 

A] Zabadani 
Umuyyad Mosque 
Serghaya 
Qatana 
Maysaloon 
Yabrud 

Abu Kamal 

A] Busayrah 
A] Tebni 

A] Mayadin 
Deir ez-Zur 
Ash Shaykh Badr 
As Sifsafeh 

A] Qadmus 
Baniyas 
Draykish 
Safita 

Tartus 

Mashta Al Hilu 
Ar Reqqah 
Tell Abiad 
Ain Issa 

As Suwayda 
Shahba 
Salkhad 


Latitude 


34°46°19~" 
34°47°30~ 
34?34'147 
34*52/247 
34°40°06~* 
34°44 705” 
34°46557 
34°46497 
32°50437 
32?49'407 
33?04/307 
32794 9^ 
32°41°217 
32°37367 
32?53'147 
23:90 .99^. 
33?447227 
3322] 32.7 
34?00'49* 
3375425 * 
33?43/347 
33°30°41~ 
33°48 °40~ 
33726 23^ 
33530/539'* 
33758 22^" 
34729577 
35?0917* 
35736 17^" 
35?00'597* 
39° 19°30" 
34°59°26~* 
34°43 7°58" 
35?06'037 
35?11708^ 
34*53'447 
34?49'09* 
34753 49^ 
34*52/42^7 
337254 307" 
36?41732^7 
36°23 037 
32°42°49°° 
32751 20^ 
5229-09" 


Longitude 


34733 02" 
36°17°24°° 
38?177317* 
36°31°40°° 
36°15°27°° 
36°42°46°° 
307252 2]^^ 
367157367 
36°13°30°° 
36°09°35 
36°10°53°° 
36°20°00°° 
35^59709"* 
36?0611^* 
36°02°25 °° 
36°19°02°° 
36°35°45 °° 
36?15'08^* 
36°44°00°° 
36724 33 
36°06°14°" 
36°18°23°° 
3650925." 
36°05 02°” 
36°17°22°° 
36°39°26°° 
40°28°10° 
40°25°43° 
39?49'09** 
40°26°47°° 
40°08 04°" 
36?04/52^* 
36°02°54°° 
36°09°40°° 
3307 WT*- 
36°08 07°" 
36°07 08°” 
35753117 
3615-177 
38709 52^ 
38°57°03 °° 
38°52°03 °° 
36733587 
36/3731 
36?42/42^* 


Trend (X-V) 


-0,0125 
0,006667 
-0,00405 
-0,0125 
0,125316 
0,002532 
0,011702 
-0,075 
0,001149 
0 

0 

0 
0,002564 
0 
-0,00417 
-0,02429 
-0,02128 
-0,00769 
-0,04615 
-0,01696 
-0,068 

0 
-0,05862 
-0,04348 
-0,08 
-0,02752 
-0,00435 
-0,01964 
-0,00562 
-0,00625 
-0,0063 
-0,05741 
-0,12605 
-0,11765 
-0,01277 
-0,13019 
-0,03333 
-8,7E-17 
-0,13793 
-0,04962 
-0,07294 
-0,05556 
-0,0413 
-0,04237 
-0,03636 
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Regarding trend analysis of monthly rainfall data (Table 1.) is proved clear decreasing trend in 
rainfall over all Syria. Statistically significant negative trends are identified in climatic station 
Manbij, Al Nabk, Ar Reqqah, Tell Abiad, Ain Issa (Table 1.). It means the decreasing of rainfall in 
almost all gauging stations in the country, especially north (mountainous) and western (coastline) 
parts of the country. The trend slope decrease of rainfall is up 0.07 mm/year. 


4. CONCLUSIONS 


The study of the evaluation of rainfall time series by statistical methods is performed with goal to 
reduce impacts of extreme hydrological events — floods and droughts. Droughts is the most complex 
but least understood of all natural hazards. It is broadly defined as "severe water shortage". Floods 
cause huge mainly material damages. Mentioned natural hazards cause loss of life, human and 
animal suffering and damage to economy and environment. The present study area is prone to 
extreme climate events such as drought and flood. The objective of this study was to investigate 
rainfall trends in chosen gauging stations in Syria. Annual rainfall trends were detected by Mann- 
Kendall statistical test. Negative trends of annual rainfall were found in the analyzed rainfall 
gauging stations, especially in thy western part of the country. In conclusion, Syria has shown 
decreasing trend of annual rainfall. It proved previous IPCC studies. 
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Abstract 


A comparative life cycle assessment (LCA), through the use of GaBi 6 software package and 
specific related databases, of three water-intensive cropping systems was conducted in order to 
evaluate energy consumption and environmental impacts based on semi-intensive cultivation 
conditions. Results are provided for three fruit and nut tree crops traditionally cultivated in two 
representative areas in Greece, namely apples and almonds (Agia, East Thessaly region) and 
pistachios (Aegina Island, Attica region). In this context, detailed life cycle directories were created 
in an attempt to carry out a cradle to farm gate analysis by taking into consideration energy-related 
processes that are often excluded from agricultural LCA studies, such as machinery manufacture, 
nursery production and raw materials transportation. The impact categories considered include 
global warming potential (GWP), eutrophication potential (EP), acidification potential (AP) and 
cumulative energy demand (CED). According to the results of this study, apples present the best 
environmental profile while the other two cropping systems, almonds and pistachios, showed 
limited differences between them for all the impact categories evaluated. The phases of irrigation 
system and nutrient management were identified as the main “hot-spots” with the highest 
environmental impact and energy consumption in all crops under assessment and thus 
improvements to reduce those impacts were proposed. 


Keywords: LCA; apples; almonds; pistachios; water-intensive crops 


1. INTRODUCTION 


Irrigated agriculture constitutes by far the largest consumer of freshwater at global scale and 
produces around 40% of global food supply [1]. Particularly in the semi-arid and arid regions of 
Southern Europe, the majority of scarce freshwater resources allocated to agricultural use 
accounting for up to 80% of the total withdrawal, often lead to total abstraction rates that exceed 
long-term natural rates of groundwater replenishment. At country level, the irrigated area has 
doubled over the last forty five years and now represents 37% of the total cultivated agricultural 
land [2]. As a result, 3,763 cubic metres of water were used per hectare of irrigated land in 2010, 
implying great energy consumption for withdrawal, transport and water application to crops and 
thus increase in associated greenhouse gas (GHG) emissions. 

As an efficient methodology to evaluate and compare the potential effects of all the inputs and 
outputs throughout the whole life cycle of a product on the environment, Life Cycle Assessment 
(LCA) has been widely applied to assess the environmental impacts of many agricultural products 
including consumptive water for irrigation [3]. However, most previous LCA studies for crops 
grown at farm scale only provide information for the related environmental impacts from the 
cultivation of fruit trees and only very few refer to nut trees, such as almonds and pistachios [4.5]. 
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These studies have shown that the cultivation of both nuts could be improved in terms of 
growth and yield, crop quality and orchard longevity contrary to those traditionally cultivated under 
rain-fed/drought conditions [6]. In fact, recent studies have shown that both almonds and pistachios 
are considered among the most water-intensive crops when irrigation is applied [7]. To this context, 
this LCA study attempts to (i) analyze and compare the life cycle of three typical water-intensive 
tree cropping systems cultivated in Greece; namely, apples, almonds and pistachios, (ii) identify 
critical processes that are energy intensive and cause most environmental impacts, and (iii) provide 
suggestions for improving the environmental performance of the cultivation systems under study. 
Special emphasis was given to the cultivation practices (irrigation and fertilization) used for the 
production of pistachios in the semi-arid island of Aegina in relation to those utilized for fruit and 
nut trees in more humid and rainy agricultural regions of the mainland Greece. 


2. MATERIALS AND METHODS 


2.1 Study areas 

Two study areas representative of the main production regions for apples, almonds and pistachios in 
Greece were selected, namely (1) Agia, located in the prefecture of Larissa, region of Thessaly, and 
(ii) Aegina Island, located in the prefecture of Piraeus, region of Attica, as shown in Fig. 1. 
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Figure 1. Study areas 


Agia is located about 35 km east of the capital town of the region, Larissa, and 12 km from the 
Aegean coast. It has a population of 3,169 inhabitants, while its total valley area is 63 km’, of which 
75% is arable. The climate in the study area is typical Mediterranean, with mean summer 
temperature ranging between 16.5 and 20.4 °C, and mean winter temperature remaining almost 
stable (^6 °C) [8]. The mean annual temperature in the study area over the last 4 year period (2012— 
2015) was 15.4 ?C and the average annual precipitation was 638 mm, mostly concentrated in 
autumn. The topographic relief is semi-mountainous and reaches up to 1518 m above the sea level 
(a.s.1) in the north western part of the study area (Ossa mountain). On the other hand, the island of 
Aegina is characterized by semi-arid Mediterranean climate, with a mean annual temperature of 19 
°C and an annual rainfall of 295 mm, of which almost 80% is recorded in the wet period 
(November-April), while summers are usually dry. 
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Agia is among the leading producer areas in Greece with 18 and 2096 of the total annual 
production of almonds and apples respectively, while 11% of the total pistachio production of the 
country is recorded in Aegina [9,10]. However, the study area of Aegina is world known for its 
ideal climate conditions and unique soil composition that yields/promotes the production of high 
quality Protected Designation of Origin (PDO) pistachios with premium pricing in the EU market, 
due to their particular organoleptic characteristics, excellent flavor and appeal. Table 1 presents the 
main agronomic data for the semi-intensive production of apples and almonds in Agia as well as 


PDO pistachios in Aegina. 


Table 1. Main agronomic characteristics of the three semi-intensive cropping systems 


Characteristics Unit* Orchards 
Apples Almonds Pistachios 
Cultivar - Granny Smith Texas Aegina 
Orchard age years 25 30 40 
Density trees ha” 850 300 250 
Yield** tha" 324 3.3 2.5 
Harvest period - 3" week of 3" week of 1* week of 
October September September 
Irrigation - drip irrigation and double drip furrow and drip 
technique micro-sprinklers irrigation irrigation 
Irrigation period - June to October April to September April to September 
Fertilizers rate 
N kg ha’! 80 180 230 
P (as P205) kg ha’! 90 100 90 
K (as K20) kg ha’! 180 200 200 
Pesticides rate kg ha” 46 8.2 5.4 
Irrigation water m ha! 3,400 4,650 4,450 


*Mean values are given for the period 2011-2015; ** refer to FU (functional unit) production 


2.2 LCA methodology 

The LCA methodology adopted in this study was applied according to the principles and specific 
requirements of the International Organization for Standardization (ISO) 14040-14044 standard 
series [11,12]. Therefore, in this study, the functional unit selected was the marketable production 
of 1 tonne of fresh apples, nutmeat (kernel) almonds and in-shell pistachios. This functional unit 
was set as reference/ basis to assess, and in particular compare the varying input and output flows of 
the different cropping systems considered. Since the purpose of this study was to compare the three 
systems on a common basis, it was deemed appropriate not to follow any allocation approach. 
Therefore, co-product credits were not estimated. 

LCA modelling was performed with the software package Gabi 6.0 using the characterization 
factors of the well-established CML Baseline 2001 method [13] supplemented with the cumulative 
energy demand (CED) [14]. As a result, the indicators of four environmental impact categories were 
estimated: global warming potential for 100 years (GWP), eutrophication potential (EP), 
acidification potential (AP) as well as cumulative energy demand (CED), as an energy flow 


13^ International Conference on Protection and Restoration of the Environment 519 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 
C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 


ISBN: | 978-960-6865-94-7 


indicator. The system boundaries used in this study considered all the production processes 
involved, from raw materials extraction (i.e the cradle) until post-harvesting of the cropping 
systems (i.e the farm gate). Based on the system boundaries, foreground and background 
processes/flows were structured in six common and stand-alone phases to facilitate data compilation 
and comparative assessment. The phases included were irrigation system, fertilizers production, 
pesticides production, agricultural machinery (production and maintenance), field management 
employing farm level operations such as agrochemical application, land preparation/ploughing, 
tillage, pruning and harvest as well as post-harvest (drying, shelling and hulling) along with waste 
management. For the transportation of raw materials (fertilizers and pesticides), road transport by 
truck/lorry and the associated fuel consumption were considered in each phase tracked. 

Life cycle inventory (LCI) for the three cropping systems was built based on primary data 
collected from 28 semi-intensive orchards with full productive mature trees and by considering a 6- 
month seasonal period of irrigated agricultural activities. For this, a questionnaire has been prepared 
and personal interviews with experts and farmers were performed. As a result, all relevant inputs 
and outputs related to crop production and their associated indirect/direct emissions were identified 
and quantified. To support reliability and representability, survey data were compiled into average- 
weighted inputs for operations and outputs in each area studied. Background data were retrieved 
from national and EU databases, literature as well as the available LCI databases (Professional and 
Ecoinvent v.3.1) of the software used. 


3. RESULTS AND DISCUSSION 


3.1 Cumulative impacts per tree cropping system 

The absolute values of each impact category and the cumulative energy demand for the three 
studied cropping systems are presented in Table 2. For example, the production of 1 tonne of 
pistachios in Aegina has an overall impact of 8.71 kg SO2-eq for AP, 3.84 kg PO4-eq for EP, 2,119 
kg CO»-eq for GWP and 28.05 GJ for CED. 


Table 2. Environmental impact categories of the three tree cropping systems under analysis 


Impact category Acronym Apples Almonds | Pistachios 
Acidification potential (kg SO2-eq. FU !) AP 0.95 8.24 8.71 
Eutrophication potential (kg PO4-eq. EP 0.44 3.62 3.84 
FU ) . . . 
Global warming potential (100 years) 

(kg CO;-eq. FU") GWP 109 2,009 2,119 
Cumulative energy demand (GJ FU) CED 0.96 27.33 28.05 


FU: functional unit (1 tonne of fresh apples, nutmeat (kernel) almonds and in-shell pistachios) 


In general, the results show that the cultivation of apple tress has the lowest impacts for all 
impact categories, whereas impacts were found to be higher but almost similar for almond and 
pistachio production. The primary energy consumption was 0.96 MJ kg" for apples, 27.33 MJ kg 
for almonds and 28.05 MJ kg” for pistachios. As a result, apples exhibited significantly lower value 
for GWP than almonds and pistachios (109 kg CO»-eq. per tonne produced vs 2,009 and 2,119 kg 
CO»-eq., respectively). This was largely because lowest yields are obtained for almonds and 
pistachios (3.3 and 2.5 t ha”, respectively), compared to fresh apples (32.4 t ha). With regard to 
acidification and eutrophication potentials, the main differences were due to the lower dose of N- 
containing fertilizers applied in the apple orchards (80 kg ha’ vs. 180-230 kg ha” for almonds and 
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pistachios) and subsequently the lower associated emissions, mainly as nitrous oxides, from related 
raw materials extraction and manufacture industry. Specifically, AP of the studied life cycles varied 
from 0.95 kg SO»-eq for apples to almost 9 times higher for almonds and pistachios. Regarding EP, 
the lowest value calculated in this study was 0.44 kg POu,-eq. for the apple cropping system, 
followed by the almond (8.24 PO4-eq.) and pistachio (8.71 PO;4-eq.) cropping systems. 

On the other hand, although almond orchards had a slightly lower total environmental impact 
compared to pistachio orchards, the differences in impacts between these two nut cropping systems 
were minor (5-6%), while for CED the difference was almost negligible (2%). This is due to the 
similarities in orchard management practices used in both nut tree cropping systems and to some 
extent, balances among inputs of raw materials (N/P/K fertilizers, pesticides and irrigation water). 


3.2 Contribution analysis 

In order to elucidate the origin of environmental and energy burdens and associate them with 
specific LCI phases in order to identify the main “hot spots", a contribution analysis was carried 
out. Figure 2 shows the comparative contribution of each productive phase, expressed in % for each 
impact category studied, for the three water-intensive tree cropping systems under assessment. 
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Figure 2. Comparative contribution of each productive phase to each impact category for the three 
water-intensive tree cropping systems under assessment (APP: apples; ALM: almonds; 
PIS: pistachios) (AP: acidification potential; EP: eutrophication potential; GWP: global 
warming potential and CED: cumulative energy demand). 


In general, for apple tree cultivation the highest contribution to all impact categories originated 
from field management, which contributed 30-3446 to the cumulative impact, mostly due to high 
dose of pesticides applied (46 kg ha’) and the contribution of its related on-field air, soil and water 
emissions. On the other hand, for almonds and pistachios orchards fertilizers production had the 
highest contribution to all impact categories, varying between 31-33% and 33-35%, respectively. 
This was heavily influenced by the substantial fertilizer requirements of almond and pistachio 
production in both cultivation regions, due to emissions derived from raw material (ammonium 
nitrate and sulfate, potassium chloride, single superphosphate, fossil fuels) extraction and 
processing during their life cycle. 
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More in detail, fertilizers production was responsible for approximately 33% of the estimated 
cumulative impacts for AP in both nut tree cropping systems. This was attributed primarily to the 
NH; and NOx emissions caused during production, as well as SO» emissions derived from fossil 
fuel combustion during transportation of raw materials to tree orchards. The second highest 
contributor to impact category of AP was the field management phase, which accounted for 2396 
and 20% in the almond and pistachio cropping systems, respectively. In the case of apple 
production, field management was the most impactful phase, responsible for 34% of the cumulative 
impacts, mainly due to the use of considerable amounts of agrochemicals. Production of fertilizers 
represented also a significant burden for the AP impact category, contributing 28% in the 
cumulative impacts, followed by the pesticides production phase (20%). 

As for the previous impact category, field management represented the highest burden with 
regard to EP in the apple orchards, contributing 34% in the cumulative impacts, followed by the 
phases of fertilizers production (2796) and pesticide production (1896) as a result of raw materials 
extraction and related manufacture. In almond and pistachio orchards, EP was dominated by 
emissions originated from the production of chemical fertilizers, accounting for about 32% of the 
total cumulative impacts for both nut tree cropping systems. In relation to GWP, contribution 
analysis showed that field management was the most impactful phase with regard to apple 
production, accounting for 3096 of the cumulative impact. Similarly to AP and EP impact 
categories, fertilizers production and irrigation system allocated the highest share of the GWP in the 
almond and pistachio orchards, due to the big quantities of fossil fuels required for manufacture 
/production operations and pumping groundwater, respectively. 

Regarding CED, field management accounted for 3196 of the total energy inputs in apple 
orchards, followed by fertilizers production (2496) and pesticides production (1496). Conversely, the 
most energy consuming phase in both nut tree cropping systems studied was fertilizers production, 
which contributed 32% and 33% to the total energy inputs estimated in almond and pistachio 
orchards, respectively. Significant energetic impacts were calculated in terms of CED for the 
irrigation phase (22% and 24% for almonds and pistachios, respectively), due to electricity 
consumption for pumping groundwater and fossil fuels requirements for the manufacture and 
processing of the elements needed for the production of the irrigation system, namely steel for 
pumps and injectors, polyethylene for pipes and polyvinyl chloride for electro-valves [3]. 

All other phases included in the LCA had lower contributions to the impact categories assessed. 
Averaged across impact categories, the machinery production phase was responsible for 
approximately 12% of cumulative impacts in all three semi-intensive tree cropping systems. This 
was mainly due to the fossil fuel requirements for their manufacture/production, transport of raw 
materials and their associated combustion emissions, as well as due to maintenance activities from 
the end-of-life management of used equipment and other materials. As expected, almond and 
pistachio cultivation, contrary to apples, is characterized by the highest contribution of post harvest 
and waste management activities to all impact categories. Hulling/shelling operations, as well as 
other on-farm activities, including also auxiliary operations such as drying, pre-cleaning, sorting, 
grading and dust removal, cause considerable GHG emissions (up to 17% for almonds in AP and 
EP impact categories) during the peak period (September), as their demand for electricity is high. 
However, around 60% of the GHG emissions of this phase were associated with the generation of 
considerable waste volumes during post harvesting activities, since in most cases waste hulls and 
shells are left in an exposed/uncontrolled site or even buried at the farm site. 


3.3 Hot spots and suggestions 

Based on the results of the contribution analysis, the phases of fertilizers production, irrigation 
system and field operations were identified as "hot spots", since their impact contributions were 
found to be remarkably high in all tree cropping systems studied. More specifically, the contribution 
of the fertilizers production to impacts was considerably high, varying from 23% for CED in the 
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apple orchards to 3596 for GWP in the pistachio orchards. Reduction of the environmental footprint 
of this phase can be accomplished by enhancing energy efficiency in the production facility or by 
reducing the associated emissions with the use of de-N2O catalyst systems, minimizing the transport 
distance between production areas and cultivation sites and adjusting the application rate of 
fertilizers to the related N/P/K demand for each tree cropping system studied. A shift in the existing 
nutrient management from energy-intensive chemical to eco-friendly organic fertilizers (manure, 
compost) or their combined application may drastically reduce emissions by 30% and energy use by 
half. In this context, composting/reuse of available bio-waste and crop residues (prunings, hulls and 
shells) at an orchard level can be a useful and low-cost measure to improve sustainability of 
agricultural production [3,15] as well as minimize extensive use of chemical fertilizers at field- 
level, especially the high nitrogen demand of pistachios in comparison to two other crops studied. 

The irrigation system was another important energy-driven and GHG-intensive phase identified 
via contribution analysis for the two nut tree cropping systems studied. This phase is of paramount 
importance in Aegina, where limited water resources are available, thus intense over-pumping of 
the shallow aquifers is required during the dry summer period when irrigation requirements for 
pistachios are maximum. Based on the results obtained in this study, the highest impacts from 
irrigation reached 22% and 24% of the cumulative impact for GWP in the almonds and pistachios 
orchards, respectively, mainly due to the higher amounts of water pumped for irrigation (4,450 and 
4,250 m ha !) compared to apple orchards (3,400 m? ha ). It is important to note here that even 
though the amount of water used in the present study for the production of pistachios is significantly 
low compared to California with 10,000 m? ha ' [16] and Cyprus with 7500 m? ha'! [17], the energy 
consumption for pumping groundwater is higher since the aquifer in Aegina is characterized by 
increased salinity . Therefore, reduction of the cumulative impact associated with irrigation, can be 
achieved by (i) increasing water irrigation efficiency with the use of micro-irrigation systems (mini- 
and micro-sprinklers) that can achieve water savings up to 4096 per m^ compared to conventional 
irrigation techniques (furrow/surface flooding), (ii) regular maintenance of the pumping units and 
their components (pipes, electro-valves) to prevent efficiency loss due to clogging and corrosion 
damage due to saline water used, (iii) monitoring the irrigation water quality on a frequent basis in 
order to select the appropriate screen and media filter, and (iv) using a targeted irrigation scheduling 
program (rates and timing) to maintain the best possible soil-water relationship for optimal tree 
yield. 

The results of the contribution analysis identified the phase of field management as the most 
impactful phase in the life cycle of apple production (30-3496 to all impact categories) and also 
clearly indicated its significant contribution (11-24%) in the life cycle of almonds and pistachios, 
especially for the impact categories AP and EP. It is important to note that the control of insects and 
weeds in apple tree cropping systems is necessary for the production of a high-quality marketable 
product, compared to nut tree cropping systems that are more tolerant to natural diseases. Therefore, 
in the case of apple production, potential mitigation of greenhouse gas emissions can be achieved 
by minimizing pesticide application rates through the use of crop sanitation, application of spot- 
treatment equipment to improve pest efficiency, installation of protective netting and adoption of 
cross-protection techniques. Other possible strategies to achieve reduction of emissions in all 
studied cropping systems related to farm management phase may include proper sizing and use of 
more energy efficient machinery, rational application of agrochemicals to match requirements for 
each crop and use of alternative cultivation practices such as conservation tillage and pruning. 
However, since in practice field cropping operations depend strongly on site-specific conditions 
such as soil quality, climate and orchard level conditions, use of monitoring techniques (e.g. soil 
and leaf tissue sampling and analysis) at frequent intervals for the determination of the main 
agronomic characteristics is of great importance. 
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4. CONCLUSIONS 


Considering the difficulties in performing a comparative LCA study between different tree cropping 
systems exhibiting variability in terms of yield, cultivation practices, post-harvest operations, waste 
management, and other site-specific conditions such as climate, irrigation water availability and 
quality, this study examined the life cycle of apple, almond and pistachio production in two 
representative areas in Greece. The LCA methodology has been successfully applied in order to 
identify the activities causing the highest impacts across and within the studied life cycle and 
provide guidelines for potential improvements in order to reduce environmental impacts. 

Given the fact that dissimilarities between tree cropping systems are unavoidable, apple 
orchards exhibited the best overall environmental performance, with lower GHG contributions in all 
production phases compared to the other two cropping systems studied (almonds and pistachios). 
On the other hand, the LCA indicated that the two nut tree cropping systems performed quite 
similarly with respect to all impact categories as result of their relatively similar agronomic 
characteristics. 

The results of the contribution analysis showed that the phases of fertilizers production, 
irrigation system and field management were responsible for the largest share of energy 
consumption and the associated GHG emissions in the three water-intensive tree cropping systems. 
It is important to note that this study considered the cultivation of species that are common in 
Greece, but its results can be easily applied in similar arid and semi-arid environments, not only in 
the Mediterranean region but also elsewhere. Finally, further studies, including scenario analysis, 
are needed to analyze possible alternative future developments in a tree product chain and quantify 
them in terms of energy conservation, emissions reduction and agricultural sustainability. 
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Abstract 


Oil Industry is known to be a leading figure in industrial pollution. Like other types of industries, 
oil industry is damaging on both offshore and onshore ecosystem with its waste. Oil spills can cause 
a wide range of impacts in the marine environment and are often portrayed by the media as 
"environmental disasters" with dire consequences predicted for survival of marine flora and fauna. 
Accidental spills of the contaminants pose a very high level of threat for the marine ecosystem and 
coastline. The economic fish species are very sensitive to continued high fluxes of contamination as 
the both of Caspian Sea and Black Sea are closed basins. The spilled oil could contaminate not only 
shorelines of oceans and lakes but also some of rivers and streams and other ecologically sensitive 
habitats along the water's edge. 

In this study, the environmental pollution problems caused by petroleum reaching water bodies 
by accidents or intentional events during extraction, transportation or refining processes has been 
conducted and possible effects were investigated on Black Sea and Caspian Sea. Petroleum 
contamination examples in Black Sea were researched with different scenarios and potential similar 
accidents’ damage effect on biodiversity to Caspian Sea region has been estimated. Apart from the 
possible effects of such risks on endemic and economic species, the procedures towards reducing 
these effects have been discussed. Both of the Black Sea and Caspian Sea, which are among the 
most remarkable water basins in the world, are unique ecosystems including endangered species 
and also other endemic and economic species detected by International Union for Conservation of 
Nature (IUCN). At this study oil contamination examples in Caspian Sea and Black Sea were 
researched and damage to Caspian region has been estimated for the case study. The other purpose 
of this research is to identify damages to ecosystems by oil industry wastes, to investigate prior 
studies conducted on this matter and make an evaluation. 


Keywords: oil spill; biodiversity; endemic species; Caspian Sea; Black Sea 


1. INTRODUCTION 


Petroleum industry is a leading figure in industrial pollution division. Like other types of industries, 
petroleum industry harms both offshore and onshore ecosystem with its waste [1]. Freshwater and 
marine shoreline areas are important public and ecological resources. However, their cleanliness 
and beauty, and the survival of the species that inhabit them, can be threatened by accidents that 
occur when oil is produced, stored, and transported. 

Oil is sometimes spilled from vessels directly into waterways; spills from land-based facilities 
can flow into waters and foul shorelines [2]. These accidents affect both oceans and freshwater 
environments. Despite the best efforts of response teams to contain spilled oil, some of it may 
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contaminate shorelines of oceans and lakes, banks of rivers and streams, and other ecologically 
sensitive habitats along the water’s edge [3]. 

Oil pollution of the ocean comes from shipping activity and offshore oil production. Seabed 
activities on oil exploration and production constitute a relatively small part in the general amount 
of the pollution of marine environment. The principal cause of marine pollution with oil is shipping. 
Oil may impact an environment by one or more of the following mechanisms: Physical smothering 
with an impact on physiological functions; chemical toxicity giving rise to lethal or sub-lethal 
effects or causing impairment of cellular functions; ecological changes, primarily the loss of key 
organisms from a community and the takeover of habitats by opportunistic species; indirect effects, 
such as the loss of habitat or shelter and the consequent elimination of ecologically important 
species [2]. Oil spills affect not only the ocean space around them, but also open waters and the 
seabed, wetlands and corals. They also damage fisheries and coastal amenities. The caused damage 
is unpredictable and does not depend on the size of the oil spill. It depends rather on the proximity 
to the shoreline and vulnerability of the area [4]. 

In this study, environmental pollution problems caused by petroleum reaching water bodies by 
accidents or intentional events during extraction, transportation or refining processes has been 
conducted and possible effects were investigated on Black Sea and Caspian Sea example. Petroleum 
contamination examples in Black Sea were researched with different scenarios and potential similar 
accidents' damage effect on biodiversity to Caspian Sea region has been estimated. The purpose of 
this study is to identify damages to water bodies by petroleum industry wastes, to investigate prior 
studies conducted on this matter and make an evaluation. 


2. STUDY AREA 


The Caspian Sea is the largest enclosed inland body of water on Earth by area, which extends 1 200 
km from north to south and contains more than 4046 of the inland waters of the world, variously 
classed as the world's largest lake or a full-fledged sea [5]. The Caspian Sea is commonly divided 
into three basins: the northern, middle and southern (Figure 1). The northern basin occupies 27% of 
the surface area of the Caspian Sea but is shallow, averaging only 5 m in depth and as a 
consequence, retains only 0.6% of the total volume of the Sea. Progressing southward, the depth 
increases considerably. 


Volga River 


Delta Northern 


Caspian Sea 


Mid & 
Southern 
Caspian 
Sea 


Figure 1: Basins of the Caspian Sea 
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The Volga river delta is freshwater and home to freshwater algae, many species of waterfowl, 
and freshwater fish including carp, pike, and catfish [6] Marine species of fish and plankton 
generally dominate the central and southern portions of the Caspian where the salinity ranges from 
10-14 [7]. These species include Caspian salmon, sturgeon, and herring [6]. Caspian salmon 
(actually a species of trout) and sturgeon also migrate up rivers such as the Volga and Ural for 
spawning [8]. 

Other significant sources of Caspian oil include onshore fields in Turkmenistan near the coast 
and production from Russia's North Caucasus region [9]. While most current Caspian oil comes 
from onshore fields, the biggest prospects for future growth in Caspian oil production will be from 
offshore fields, which are still relatively undeveloped. Caspian production accounts for virtually all 
oil production in some of the region's countries, including Azerbaijan and Turkmenistan, yet only a 
very small portion for the region's two largest producers, Russia and Iran. In total, production that 
can reasonably be classified as "Caspian oil" accounts for roughly 17 percent of the total production 
of the region's countries. 

The biological diversity of the Caspian and its coastal zone makes the region one of the most 
valuable ecosystems in the world. Many species are endemic and there are many representatives 
from almost all major groups on earth. The numbers of species in the Caspian Sea are; 
Phytoplankton (449 species), Zooplankton (315 species), Phytobenthos (64 species), Zoobenthos 
(379 species), Fishes (126 species, 54 Endemic), Mammals (1 species, 1 Endemic), Birds (466 
species) [8, 10, 11, 12, 13]. The longest established species are among the group of indigenous, 
brackish-water organisms. These include high percentage of endemic species and even genera[14]. 
The rest of the organisms found today are basically derived from the Mediterranean marine 
biogeographic region, the Arctic marine region or the freshwater (riverine) complex. Recent studies 
suggest the actual endemism may be even higher (Table 1). Almost all the indigenous species are 
found in the middle Caspian because of its relative stability over time, its salinity regime 
(consistently brackish) and its central location; consequently the highest number of endemic species 
is found there. However, the north Caspian has the greatest diversity of both habitats and species. 
This is due to the big rivers, such as the Volga and the Ural, which create a zone where marine and 
freshwater fauna are mixed. The Volga River system was also the ancient route for the penetration 
of Arctic and Mediterranean species which are still found in the Caspian. The existence of vast 
shallows, some deep depressions, the wide Volga Delta and other rivers, and fluctuations of salinity 
from 0.12 to 10 %o provide different ecological niches which, in turn, provide high species diversity 
[14]. 


Table 1: Endemic Species of Caspian Sea (adapted by Aubrey, 1994; Kasymov, 1994; Dumont, 
1998; Dumont, 1999; Ivanov, 1997) 


Natural marine resources Number of species Natural marine resources Number of species 
Spongia 4 Copepoda 23 
Coelenterate 2 Isopoda 1 
Turbellaria 29 Amphipoda 68 
Nematoda 3 Cumacea 19 
Rotatoria Decapoda 

Oligochaeta Hydracarina 2 
Cladocera 19 Mollusca 53 
Ostracoda 3 Fishes 54 
Mysidacea 20 Mammal 1 
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The Caspian is characterised by a small variety of fish species compared to open ocean regions. 
Two of them are introduced foreigners: the flounders and a mullet (Mugilidae - family species), 
while another two - pipefish and a sand-smelt (Atherinidae - family species) originate from an 
unknown source. The most diverse are the families of goby, carp, herring and sturgeon. Local rare 
endangered species include: Caspian lamprey (Caspiomyzon wagneri), spiny sturgeon (Acipenser 
nudiventris), Volga herring (Alosa kessleri volgensis), Caspian salmon (Salmo trutta caspius), 
Stenodus leucichthys, Chalcalburnus chalcoides chalcoides, Vimba vimba perca, Barbus 
brachycephalus caspicus, Barbus ciscaucasicus, Barbus capito. Up to 126 subspecies may exist. 
Most are carps (33 %), gobies (28 %) and shads (14 %) [10,14]. 

The most important element of the fauna is the sturgeon, with 85 % of the world's population at 
its peak in the late 1970s. Different sturgeon species are the most valuable commercial fish in the 
Caspian. Important for their existence is the close proximity of brackish waters with rivers (the 
north Caspian being the most important example). Six species of sturgeon exist in the Caspian, 
belonging to the genera Huso and Acipenser. Kilka are a small, planktivorous, herring like fish 
native to the Caspian Sea. There are three commercially fished species of kilka in the Caspian Sea 
however several factors have resulted in the decline of this species. Kilka account for 80% of the 
total catch in the Caspian Sea [15]. 


2.1. Environmental Problems of the Black Sea and Caspian Sea Based on Oil 


Environmental problems of the Black Sea and Caspian Sea are multiple and various in their origin. 
On one hand, they are caused by the commercial use of the sea; on the other hand, human activity 
impacts coastal areas, including input from rivers in the Caspian. Water pollution is caused by 
human activities along the coastal areas and near river systems, with additional water pollution 
originating from the seas. A growing proportion of water pollution involves oil exploitation, 
especially shelf-based, as well as construction and operation of marine platforms, gangways and 
underwater oil pipelines, refining and dredging. In addition, oil transport across the Black Sea and 
Caspian Sea contributes to water pollution through vessel leakage, ballast water discharge, pipeline 
leaks and, of course, all oil spills. 

In oil spills, as soon as the oil contacts with the water, it tends to swim without being mixed 
with the water and to spread on the surface according to the physical specifications such as surface 
tension, viscosity, density etc. Owing to these characteristics, spread poses a vital threat for the 
organisms. Direct fatal toxic effect of oil products on sea organisms can be seen as the impact on 
accumulation and physiological activities in tissues and cells. Such contaminators affect eggs, larva 
and young members of living sources more. Sustainable generations of living sources and their 
chance to maintain their generations are under threat [16]. Physiological effects of contaminators 
can be ranged as following; causing delay and prevention for cell division in plankton; dietary 
changes in crustaceans; abnormal spawning and change in spawning periods in fish; and formation 
of cancerous tumors. The highest effect is observed in living communities, living in high tide-low 
tide line of the sea. Especially, photosynthetic plants, which play a significant role in sea ecosystem 
and provide oxygen for the water, are contaminated with the oil film spreading on the surface and 
they die [17]. 


3. METHOD 


General Operational Modeling Environment (GNOME) developed by The National Oceanic and 
Atmospheric Administration (NOAA) is used to simulate spatial and temporal distribution of oil 
[18]. This software uses wind, tide, and current values to calculate the movement of oil at sea 
surface [19,20,21]. The simulation code GNOME version 1.3.9 is utilized to generate the oil spill 
scenarios. 
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4. RESULTS & DISCUSSION 


In recent years, many studies have been conducted through the results of the accidents or by the 
support of scenarios in order to prevent accidents related to oil exploration and drilling operations 
[22,23,24,25]. Nowadays, a special agency affiliated to the United Nations called International 
Maritime Organization (IMO) and Flag States, which are known as maritime industry regulators, 
require a pro-active assessment on new maritime technologies related to how they affect human 
safety and the environment before they give approval. In general, a risk analysis is used in order to 
conduct such assessment [26]. 

In the analysis on the results of the scenarios, the completion period for scenarios (NW, 5 knot) 
was observed as 10 days. At the end of the study, in these scenarios created in southeastern and 
western parts of the Black Sea by GNOME, oil distribution and connection areas with the coast is 
known. It is known that the largest oil spill accidents in the Caspian Sea are Tengiz Oil Field 
Accident (1985) [27], Gas leak and blowout (2008) [28] and Socar Accident (2014) [29]. 
Unfortunately, it has not been come across to work about the effects of oil spill accident on the 
biodiversity in the literature. Even if scenarios were created before the accidents for the Caspian 
Sea, oil spill effects and connection areas could not be found. In order to determine the oil spill area 
over the sea, beginning with wind, tide and current data; water temperature, salinity and wave 
values also need to be known, both insitu and long-term. While oil spill model being run, basically 
in model’s software, current data and wind data gathered during the event should be used. If data 
monitoring is accomplished on long-term, the cost and the oil spill effects on biodiversity in the 
Caspian Sea's special coastal areas will be clearly understood. 


5. CONCLUSION: Future Plans 


The priorities in this study were to determine the effects on sea ecosystem, reveal threats against 
biodiversity, and reduce short and long-term damages. The ever-growing demand for energy in the 
modern world continues to increase the risks of major oil spills during the long travel of this natural 
resource along global sea routes. Despite all these studies, oil spill accidents are the inevitable result 
of oil rigs, storage and shipment. Both of them, Caspian & Black Sea, are under the risk of 
increasing ship traffic and oil transfer. There are many research programs, which will be 
investigated in the future for waste minimization in the Caspian Sea [30]. The important ones are 
given as follow: a) The first one is to identify the point sources of pollution in the Caspian Sea. This 
includes the pollution from all industries, commercial places and cities around the Caspian Sea. b) 
The second task is to identify the non-point pollution sources as much as possible, and to 
characterize them as point sources of pollution. c) The third program is to determine the 
contribution of each point source pollutant including domestic, industrial, business offices and non- 
point sources in the Caspian Seaboard and to prepare dispersion map of pollutant sources. d) The 
forth task is to investigate the effect of these pollution on the aquatic life of the Caspian Sea. e) The 
last plan is to measure the amount of oil pollution in the Caspian Sea. 

Against a background of high natural variability, more subtle damage inflicted by an oil spill, such 
as a downturn in breeding success, productivity or biodiversity, can be difficult to detect. It is 
certain that there will not be any life form which can escape from long-term pollution, if humankind 
won't learn to be responsible about this matter. 
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Abstract 


The aim of the study was to analyze contents and temporal trends of 11 perfluorinated compounds, 
3 pharmaceutically active compounds: carbamazepine, diclofenac and ibuprofen; a polar pesticide: 
diuron; 16 US EPA polycyclic aromatic hydrocarbons and a pyrethroid-organochlorine insecticide: 
cypermethrine, in 8 composite wastewater samples which were collected directly at discharge point 
into the Danube River, at the 24 h-time period, and in 12 composite surface water samples collected 
from Danube down and up stream of the wastewater discharged point during 30 days period. 
Contribution of wastewater discharged to the content of the investigated 32 micro-pollutants in the 
downstream surface water in proximity was also assessed. AII the obtained results were compared 
with the literature available data. This is the first study reporting the occurrence of perfluorinated 
compounds in the Serbian surface water, which might be regarded as important baseline for future 
monitoring. 


Keywords: micropollutants; surface water; wastewater discharge; middle Danube. 


1. INTRODUCTION 


Emerging contaminants can be defined as any synthetic or naturally occurring chemical or any 
microorganism that is not commonly monitored in the environment, but has the potential to enter 
the environment and cause known or suspected adverse ecological and human health effects. 
Generally, these chemicals are produced on a large scale worldwide, and they are used in a wide 
range of applications, being indispensable to our modern society [1]. Among them carbamazepine, 
diclofenac and ibuprofen belong to the group of pharmaceuticals which are a large and diverse 
group of compounds designed to prevent, cure and treat diseases and improve health [2]. Concern 
about perfluorinated compounds (PFCs) belonging to a class of emerging persistent organic 
pollutants is growing because they are globally distributed, environmentally persistent, bioaccumul- 
ative and potentially harmful [3]. Among them, metabolic products such as perfluorooctanoate 
(PFOA) and perfluorooctansulfonate (PFOS) have received more attention because of their 
ubiquitous presence in the environment [4]. In December 2006, the European Parliament and the 
Council decided to restrict marketing and use of PFOS [5]. Additionally, PFOS is included in a list 
of so called priority substances regulated by the Water Framework Directive. For PFOA, in the EU, 
regulatory restrictions similar to the ones in place for PFOS are currently under discussion until the 
end of 2015 [6] and emissions and use of PFOA in products were voluntarily planned to be 
eliminated [7]. PFCs, which are consisted of a fully fluorinated hydrophobic alkyl chain attached to 
a hydrophilic end group, have been widely used for over 50 years, in several industrial and 
household applications due to their unique physicochemical properties: thermal stability and 
oxidative resistance. They are extensively used in surfactants, fire-fighting foams, food packing 
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paper, textile, carpet and leather treatment. Polycyclic aromatic hydrocarbons (PAHs) are organic 
pollutants of concern since many of them and many PAH mixtures exhibited mutagenic and/or 
carcinogenic properties [8]. PAHs are ubiquitous and their sources and fate have been extensively 
investigated in different environmental compartments [9-14]. However, there is a concern in the 
determination of PAHs in water since many natural water bodies are used as potable water supplies 
after treatment. Many environmental agencies have established very low maximum concentration 
levels of PAHs for potable and fresh waters. For example, US EPA sets maximum acceptable 
concentration (MAC) of 0.2 ug L’ for benzo[a]pyrene in drinking water. Serbian legislation sets 
the level of 130 mg L' for naphthalene, 0.27 mgL for benzo[a]pyrene, 17 ug L'' for both 
benzo[b]fluoranthene and benzo[k]fluoranthene, and 8.2 ug L’ for benzo[ghi]perylene in surface 
water [15]. There are many sources of PAHs to natural water, such as wastewater from municipal 
and industrial activities, atmospheric deposition, leachate from solid waste disposal dumps etc. 
Diuron is a herbicide and a suspected human carcinogen, widely used around the world although its 
use is banned or restricted in some countries e.g. in Sweden, Denmark, Germany and UK due to its 
harmful effects on the environment and human health. Since diuron degrades slowly in water, it is 
quite persistent in the environment [16]. 

The threat posed by the release of those contaminants through wastewater treatment plant 
effluents is particularly worrisome in streams or small rivers, where the dilution capacity of the 
receiving freshwater ecosystem is small [17]. Although the Danube River, as the largest river in 
Serbia, has the greatest dilution capacity, the worrisome problem is untreated discharged 
wastewater for only 5% [18,19] of all wastewater are treated in Serbia. Since the surface water 
samples were collected upstream and downstream of the wastewater discharge point into the 
Danube River, the results obtained in this study were used to assess the impact of 32 investigated 
micro-pollutants on surface water. Also, the objective of this study was to identify for the first time 
the level of 11 investigated PFCs in the Serbian part of the Danube River. To our best of knowledge 
there is no published data regarding the concentration of 11 PFCs in surface water of the Danube in 
Balkan countries. 


2. MATERIALS AND METHODS 
2.1. Chemicals and materials 


Eleven PFCs: perfluorobutane sulfonic acid (PFBS); perfluorooctansulfonate PFOS; perfluoro- 
octane (PFOSA); perfluorobutyric acid (PFBA); perfluorohexanoic acid (PFHxA); perfluoro- 
heptanoic acid (PFHpA); perfluorooctanoate PFOA; perfluorononanoic acid (PFNA); perfluoro- 
decanoic acid (PFDA); perfluoroundecanoic acid (PFUndA); perfluorododecanoic acid (PFOdA) 
were obtained from Chiron AS (Trondhem, Norway). Eight surrogate compounds (CUS-MPFC- 
MXA Mass-Labelled PFCAs and PFASs Solution/Mixture) and nine internal standards (MPFAC- 
MXA Mass-Labelled PFCAs and PFASs Solution/Mixture) were obtained from Wellington 
Laboratories (Guelph, Ontario, Canada). A mixed standard solution of 16 US EPA priority PAHs ( 
naphthalene (Nap), acenapthylene (Acy), acenaphthene (Ace), fluorene (Fl), phenanthrene (Phe), 
anthracene (Ant), fluoranthene (Flu), pyrene (Pyr), benzo[a]anthracene (BaA), chrysene (Chr), 
benzo[b]fluoranthene BbF, benzo[k]fluoranthene BkF, benzo[a]pyrene BaP, indeno[1,2,3-cd] 
pyrene (InP), dibenzo[ah]anthracene (DB), benzo[ghi]perylene (Bghi) in dichlormethane /benzene 
(1:1) was obtained from LGC Standard, Germany. Deuterated PAH dj2-benzo[a]pyrene (dj2-BaP) 
in acetonitrile, obtained from Chiron AS, Norway, was used as a surrogate standard, 1,3,5- 
triphenylbenzene (Supelco, USA) was used as an internal standard. Waters Oasis HLB Plus LP (225 
mg, 60 um) solid-phase extraction (SPE) cartridges were purchased from Waters (Milford, MA, 
USA). Diclofenac acid and ibuprofen, were purchased from Dr. Ehrenstorfer, Germany. 
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Carbamazepin and diuron, were purchased from Sigma Aldrich, Switzerland. Grade GF/F glass 
microfiber filters (0.47 um) were purchased from Whatman International Ltd (Maidstone, Kent, 
UK). Ultra-pure water (resistivity 18.2 MQcm) was obtained from Milli-Q system (Millipore, 
Molsheim, France). Methanol and ammonium acetate, both LC-MS grade, were purchased from 
J.T. Baker (Deventer, Netherlands), glacial acetic acid (p.a.) was obtained from LTG Promochem 
(Wesel, Germany) while n-hexane (Fisher Chemical, UK) and dichlormethane (AppliChem Panreac 
ITW Reagents, Spain) were both HPLC grade. Silica gel for chromatography was obtained from 
Carlo Erba Reagents (France), while phosphate buffer was obtained from Acros Organics 
(Belgium). Sodium chloride and anhydrous sodium sulphate were purchased from Fluka Analytical 
(Germany). 


2.2. Quality assurance/quality control 

All methods were validated by “in-house” quality control procedure for purpose of present study. 
Recovery values for PAHs were in the range from 60% to 127% for surface water samples and from 
63% to 118% for wastewater samples. For cypermetrine recovery values were 107% and 81% for 
surface and wastewater samples, respectively. For PFCs recovery values were in range from 65% to 
121%, while for diclofenac, ibuprofen, carbamazepine and diuron recovery values were 108%, 
97%, 79% and 75%, respectively, for both type of water samples. 

Limits of quantification (LOQs) for PAHs for surface water samples were in the range 0.02- 
0.90 ng L^, while for wastewater samples were 0.04-1.8 ng L''. For cypermetrine LOQ values were 
3.9 ng L" and 7.9 ng L” for surface and wastewater samples, respectively. LOQ for PFCs were in 
the range from 0.04 ng L'! to 0.63 ng L'! while for diclofenac, ibuprofen, carbamazepine and diuron 
were 1.5ngL', 22ngL', 0.35ngL' and 0.54ngL", respectively, for both, surface and 
wastewater samples. 


2.3. Sampling 

The sampling was carried out during the winter season. Qualified and well-trained person from 
public water management company “Vode Vojvodine" Novi Sad collected the samples. The 12 
composite surface water samples were taken downstream (SWD) and upstream (SWU) from the 
wastewater discharge point, while 8 wastewater samples were collected directly at discharge point, 
at the 24 h-time period. The wastewater samples were collected in the polypropylene bottles 
(500 mL; filled to the top), sealed, stored in a refrigerator and transport to the lab where they were 
stored at 4° C until further processing. Field blanks were collected by filling the laboratory water 
(Milli-Q) from the field blank bottle into the sampling device, letting to stand for 5 min, and then 
transferring this water back to the field blank bottle. Teflon bottles, teflon-lined caps and any 
suspect fluoropolymer materials were avoided throughout the analysis, in order to avoid 
contamination of the samples. 

The wastewater discharge point is located on the bank of the Danube flow between Novi Sad 
(the second largest town in Serbia) and Belgrade (the capitol of Serbia). It has been used to 
discharge the municipality wastewater collected from four towns (Indija, Stara Pazova, Nova 
Pazova and Batajnica, with approximately 150000 inhabitants in total) and as well as from small 
villages located in this area without any pre-treatment directly into the Danube River. 


2.4. Sample preparation, cleanup and analysis 

All water samples were filtered through 0.47 um glass microfiber filters (GF/F), previously pre- 
conditioned by passing 10 mL of methanol and 10 mL Milli-Q water. Before filtration the samples 
were spiked with surrogate standards. Analytical method for determination of PFCs, ibuprofen, 
carbamazepine, diclofenac and diuron in wastewater and surface water samples were developed by 
Duong et al. [20]. Briefly, all samples (500 mL for surface water and 300 mL for wastewater) were 
extracted by SPE with Oasis HLB cartridges. The SPE cartridges were first preconditioned by 
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passing 5 mL of methanol and 10 mL of Milli-Q water at a flow-rate of 10 mL/min. Elution was 
performed with 5 mL of methanol at a flow rate 1 drop/s. Extracts were concentrated to 500 uL 
under a gentle nitrogen stream and were spiked with internal standard prior to determination step. 
Concentration of PFCs, ibuprofen, carbamazepine, diclofenac and diuron in samples were analyzed 
using ultra high-performance liquid chromatography (UHPLC) Accela system (pump and 
autosampler) interfaced with a TSQ Vantage triple quadrupole mass spectrometer (MS/MS) 
equipped with heated-electrospray ionization probe HESI-II (Thermo Thermo Fisher Scientific, San 
Jose, United States). Separation of analytes was achieved using a Hypersil GOLD™ (50 mm x 
2.] mm i.d., 1.9 um) column (Thermo Fisher Scientific). The gradient was composed of eluent A 
containing water/acetic acid (99:1, v/v), and eluent B containing of methanol/acetic acid (99:1, v/v). 
Eluent A contained 10 mM ammonium acetate, while elunt B contained 5 mM ammonium acetate. 
The applied sample preparation and determination method for PAHs and cypermetrine is slightly 
modified from Hanh et al. [21]. Namely, thirty grams of sodium chloride was added into separatory 
funnel contained the requested aliquot of the water sample (1000 mL for surface water and 500 mL 
for wastewater). The pH of the sample was adjusted at 7.0 with a phosphate buffer. The samples 
were twice extracted with 100 mL and 50 mL of dichloromethane for 10 minutes each. Extracts 
were combined and dehydrated by passing through an anhydrous sodium sulphate column. In the 
case of surface water, the extract was concentrated with a rotary evaporator to about 5 mL. Then, 20 
mL of hexane was added and re-concentrated to 5 mL, and finally to exact 1 mL under a gentle 
nitrogen stream prior the analysis by gas chromatography mass spectrometry. Whereas, dehydrated 
extracts of wastewater samples (after anhydrous sodium sulphate column) were concentrated to 2 
mL, followed by cleanup on the silica gel column: two fractions obtained by elution with hexane 
and hexane/dichlormethane, respectively, were concentrated to exact 500 uL under a gentle 
nitrogen stream before analyze. The PAHs and cypermetrine were analyzed by gas chromatograph 
with mass selective detector (GC MS-Agilent 7809B-5977A, Germany) equipped with a HP-5MS 
column (30 mx0.25 mm i.d., 0.25 um film thickness), using helium as the carrier gas. The MS was 
operated in the electron impact ionization mode and the mass scanning was under the selected ion 
monitoring (SIM) mode. 


3. RESULTS AND DISCUSSION 


Compounds detected in the upstream and downstream surface water samples are presented in Table 
l, while those in wastewater samples are given in Table 2. 

Cypermethrine was not detected in any of the analysed water samples. Limits of quantification 
were 3.9 and 7.9 ng L” for surface and wastewater, respectively. 

Among 16 PAHs Ace, Flu, BaA, Chr, BkF, BbF, BaP, InP and DB were not detected in surface 
water samples. The detected concentrations in surface water ranged between 9.3 and 54 ng L'! for 
2-ring PAH (Nap), 1.2-20 ng L for sum of the 3-ring PAHs (Acy, Fl, Phe, and Ant), 6.3 ng L” for 
4-ring PAH (Pyr) detected only in SWU (12.11) and 8.7 ng L” for 6-ring PAH (Bghi) detected only 
in SWU (12.11) (Table 1). No 5-ring PAHs (BaP, BbF, BkF) were detected in surface water 
samples, whereas Nap and Fl were the most frequently detected PAHs with the mean values of 28 
ng L' and 4.2 ng L', accounted for 45-96% and 4-41% of the total PAHs concentration, 
respectively. 

Moreover, the low-molecular-weight PAHs (2- and 3-ring PAHs) were only detected PAHs in 
all samples except in sample (12.11.), in which Pyr and Bghi were detected also, showing that low- 
molecular-weight PAHs are abundant in the Danube River. The Final Report of Joint Danube 
Survey 3 [22] stated that summed concentrations (216 US EPA PAHs) of free dissolved PAHs in 
the Danube River ranged between 11 ng L'! and 45 ng L'! in a sampling area length of 2500 km, 
which coincided with the range of X16 US EPA PAHs levels found in this study (14-64 ng L’). 
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Mean concentrations from both studies shows much smaller PAHs presence than in Yangtze River 
Delta (China): 3717 ng p^ [23] and in Daliao River (China) watershed composed of the Hun River, 
Taizi River, and Daliao River: 6471 ng E [24]. 


Table 1. Detected concentrations (ng L'') and temporal trends of micro-pollutants in the Danube 
surface water samples upstream (SWU) and downstream (SWD) from the wastewater 
discharge point 


Compound SWU | SWD | SWU | SWD | SWU | SWD | SWU | SWD | SWU | SWD | SWU | SWD 
12.11. | 12.11. | 20.11. | 20.11. | 21.11. | 21.11. | 25.11. | 25.11. | 27.11. | 27.11. | 29.11. | 29.11. 
Acy «0.06 | «0.06 | 0.30 | 0.50 | «0.06 | 0.40 0.90 1.1 1.0 0.60 | 0.40 1.4 
Fl 2.7 1.2 2.0 1.4 0.30 4.2 2.8 3.9 77 3.1 11 9.5 
Phe 7.6 | «0.07 | 0.30 | «0.07 | 0.30 5.9 «0.07 | 57 1.0 7.0 4.3 7.1 
Ant «0.45 | «0.45 | «0.45 | «0.45 | «0.45 | «0.45 | «0.45 | «0.45 | «0.45 | «045 | «0.45 | 3.7 
Pyr 6.3 «0.15 | «0.15 | «0.15 | «0.15 | «0.15 | «0.15 | «0.15 | «0.15 | «0.15 | «0.15 | «0.15 
Bghi 8.7 «0.62 | «0.62 | «0.62 | «0.62 | «0.62 | «0.62 | «0.62 | «0.62 | «0.62 | «0.62 | «0.62 
Nap 21 30 30 16 9 21 48 54 27 28 31 28 
PFHxA 5.9 11 8.4 12 11 10 11 8.4 9.5 8.9 12 12 
PFOA 8.9 11 14 14 13 11 12 14 12 12 11 13 
PFOS 3.2 3.0 3.8 3.5 4.1 15 5.3 6.3 4.6 3.4 9.5 12 
PFNA 1.5 3.7 1.5 5.0 4.2 3.7 1.4 1.7 1.6 2.0 24 4.6 
PFDA 2.1 2.4 2.0 | <0.58 | 2.0 | «0.58 44 1.9 1.7 2.1 <0.58 | <0.58 
PFUdA 1.0 | «0.39 1.0 | «0.39 | «0.39 | <0.39 | «0.39 | 0.9 | «0.39 | «0.39 | «0.339 | 4.6 
Diuron 3.3 2.3 3.1 3.3 32 32 2.8 3.0 2.9 3.0 3.7 2.0 
Carbamazepine 7.4 6.7 7.5 7.4 6.8 8.3 7.3 8.4 8.0 8.2 9.5 9.8 
Ibuprofen 37 44 <22 <22 <22 78 <22 66 <22 63 <22 57 
Diclofenac 46 36 38 44 36 43 37 43 39 43 44 28 


Among analysed 16 US EPA PAHs Ace, Ant, BbF, BkF and DB were not detected in 
wastewater samples. The most prevalent PAHs in wastewater samples were 4-ring and 6-ring PAHs 
accounted for 14-59% and 15-56% of the total PAHs concentration, respectively (Table 2). Among 
4-ring PAHs the most frequent was Pyr and among 6-ring PAHs it was Bghi. The average 
concentration of the 216 US EPA PAHs in the wastewaters (634 ng L’) was higher than in the 
surface waters (39 ng L’). Considering concentrations of individual PAHs in SWU and SWD 
samples in 55% of all cases individual PAH concentration was higher in SWD than in SWU 
samples, indicating no influence of discharge plant to the Danube River. 

Out of 11 analysed PFCs four of them (PENA, PFOS, PFOA and PFHxA) were detected in all 
surface water samples, whereas PFDA and PFUdA were detected sporadically. PFOA and PFHxA 
were the most abundant compounds in surface water samples, with the mean concentration of 12 ng 
L” and 10 ng L“, generally accounting for 25-35% and 28-46% of the total PFCs concentrations, 
respectively. This distribution is similar to data reported for surface water in the Europe [25.26] and 
Sri Lanka [27], where PFOS and PFOA were dominant but PFNA was a minor component, but 
different to those in river from Japan and Vietnam where PFOA and PENA were more abundant 
than PFOS [28,20]. In particular, PFOA is used as adjuvant in the production of fluoropolymers 
such as Teflon& or similar products, and occurs in these applications as aqueous and gaseous 
process emission [26]. The Final Report of Joint Danube Survey 3 reports 8.1 ng L'! as average 
concentration of PFOA in the Danube River downstream Budapest and 7.2 ng L'! as average 
concentration of PFOS in the Danube River in Szob before Budapest. Interestingly, PFHxA was 
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detected in relatively high concentration (relative to other detected PFCs) in this study but not in the 
other mentioned papers. PFOS and PFOSA were only detected PFCs in wastewater samples. Since 
PFOSA was not detected in surface water samples it could be concluded that untreated wastewater 
does not have influence on PFOSA content in the Danube River. A similar conclusion can be drawn 
for PFOS, since its mean value for upstream and downstream the Danube surface water samples 
(6.1 ng L`’) is almost 2.5 time higher than in wastewater samples (2.5 ng L`’). 

Comparing individual PFCs concentrations in surface water samples upstream and downstream 
from discharge point, trend similar to the one observed for PAHs was obtained. Namely, in about 
half of compared cases (52%), individual PFCs concentrations were lower in downstream samples 
than in upstream samples. 


Table 2. Detected concentrations (ng L'') and temporal trends of micro-pollutants in wastewater 


samples 

meo WW WW WW WW WW WW WW WW 

12.11. | 21.11. | 26.11. | 27.11. 28.11. 29.11. 30.11. 01.12. 
Acy 7.1 | <0.12 | «012 | «012 «0.12 «0.12 «0.12 «0.12 
Fl 12 |«010 | <0.10 | «0.10 «0.10 «0.10 «0.10 «0.10 
Phe 27 | «010 2.6 31 13 7.7 6.2 174 
Flu 5.3 9.7 7.5 13 63 74 66 150 
Pyr 51 34 27 16 224 274 244 393 
BaA <0.24 6.6 | <0.24 | <0.24 <0.24 <0.24 <0.24 <0.24 
Chr <0.36 18 14 22 29 32 30 50 
BaP «1.8 «1.8 «1.8 «1.8 42 50 44 87 
InP «1.0 «1.0 «1.0 «1.0 75 105 91 163 
Bghi 63 43 33 14 374 441 411 602 
Nap 235 5.1 4.6 14 9.7 0.8 6.5 25 
PFOS «0.32 «032 | «032 2.5 1.2 3.5 2.7 <0.32 
PFOSA 2.8 6.1 74 | <0.93 3.9 2.4 2.6 2.7 
Carbamazepine 43 70 33 41 30 29 36 42 
Ibuprofen 9846 8220 8356 8549 6976 6143 8405 8700 
Diclofenac 667 656 685 730 520 479 679 690 


Diuron was not detected in wastewater (<0.54 ng L’), but showed rather uniform level (2.0- 
3.7 ng L''; mean value 3.0 ng L`’) in the surface water which is far smaller than it is presented in the 
study of Loos et al. [26], who reported the content of 41 ng L'! for more than 100 individual water 
samples from over 100 rivers from 27 European Countries. Higher contents of carbamazepine, 
ibuprofen and diclofenac (mean concentrations of 41 ng L“, 8149 ng L! and 638ng L', 
respectively) were obtained in wastewaters than in the surface waters (mean concentrations of 
7.9 ng L'', 58 ng L’ and 40 ng L", respectively). In 75% of all studied cases concentration of 
carbamazepine, ibuprofen and diclofenac in downstream samples were higher than in upstream 
samples. From all the studied micro-pollutants, only for pharmaceuticals the wastewater discharge 
seemed to have the influence on their concentrations in the Danube River, especially for ibuprofen 
because in every surface water sample in which ibuprofen was detected its concentration was higher 
in downstream than in upstream samples. Direct wastewater discharge is one of the main sources of 
pharmaceuticals compounds in fresh water ecosystems [2]. The presence of pharmaceuticals in 
surface waters, and therefore in other environmental compartments, may be affected by several 
processes, such as photolysis, hydrolysis, sorption and biodegradation. Understanding partitioning 
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behaviour of contaminants in the biological compartment, and the role of biota in the removal of 
these bioactive compounds from surface water is of critical importance to studying their ecological 
impact [17]. Loos et al. [26] detected much higher average concentrations in European rivers for 
carbamazepine (248 ng L’') and ibuprofen (395 ng L`’) but less for diclofenac (17 ng L’), similarly 
Huerta et al. [17] in River Segre (Spain) report higher mean concentrations for carbamazepine 
(25 ng L’) and ibuprofen (141 ng L’) but less for diclofenac (25 ng L’). The Final Report of Joint 
Danube Survey 3 [22] also reports higher amount of carbamazepine (26 ng L'') and less of 
diclofenac (13 ng L`’) in the Danube River. 


4. CONCLUSION 


The present study contributes to the previous EU studies on the occurrence of micro-pollutants in 
the Danube River water. The results obtained for PAHs, PFOA and PFAS are in rather good 
agreement with the results from the wider EU survey conducted for the Danube River, while the 
levels detected for pharmaceuticals and diuron differed from data reported. The results gave an 
additional prove that discharge of municipal wastewaters is the main source of pharmaceuticals and 
other polar contaminants in the Danube River. 
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Abstract 


A significant place among renewal energy sources holds the geothermal energy, the utilization of 
which for electricity generation has been commercially since 1913. As a renewable energy source, 
geothermal energy can enhance a low carbon economy and strengthen independency from imported 
fuels, allowing for a sustainable national energy balance. In Greece geothermal energy has been 
used already in the early ‘90s only for direct utilization. Despite the large high-enthalpy geothermal 
potential of the Greek reservoirs the use of this natural resource has not been persistent for 
electricity production in the country. One of the reasons was severe technical problems, which led 
to public aversion regarding its use. The aim of this paper is to study, through a specific risk 
analysis approach, potential risks and accidents in a geothermal installation in order to make the 
latter more reliable and environmentally friendly offering at the same time a different perspective to 
public and influencing positively its awareness on this kind of facilities. 


Keywords: geothermal energy; risk analysis; fluid reinjection; environmental hazards; geothermal 
Power Plants 


1. INTRODUCTION 


During the last years, the continuously rising energy demand is very evident. This can be explained 
by the sharp growth of the developing countries, as well as the improvement of living standards in 
the developed ones. Fossil fuels are the main energy source for most of the countries for several 
decades. However, the limited inventory of the former and the need for energy independence made 
most countries to invest gradually into renewable energy sources in order to reduce the share of 
technologies based on fossil fuels. Renewable resources have an unlimited availability; are -in most 
cases- equitably distributed around the world; are characterized as clean technologies because they 
produce very little waste and also have a minimal environmental impact. Moreover, they contribute 
not only to the reduction of CO» emissions but also to other pollutant gas emissions, such as sulfur, 
nitrogen oxides ad VOCs (volatile organic compounds) fostering both environmental protection, 
and growth sustainability. This is in line with the future socioeconomic and environmental needs of 
global economy serving also the Kyoto treaty objectives [1, 2]. 

A significant place among renewal energy sources holds the geothermal energy, the utilization 
of which for electricity generation has been commercially since 1913. As a renewable energy 
source, geothermal energy can enhance a low carbon economy and strengthen independency from 
imported fuels, allowing for a sustainable national energy balance. Geothermal power can be used 
as baseload renewable energy twenty four hours a day throughout the year in order to generate 
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electricity regardless of the weather variations. Moreover, geothermal energy can fluctuate 
depending on the country needs and can be flexible to support the intermittent renewable energy 
resources demands from wind and solar parks. In this context, it can be used to provide the stability 
of the power grid enhancing the efficiency of the entire system and increasing the security of energy 
supply against disruptions for geopolitical reasons and fossil fuel's price high votatility[1]. In 
Greece geothermal energy has been deployed already in the early ‘90s only for direct utilization. 
Despite the large high-enthalpy geothermal potential of the Greek reservoirs the use of this natural 
resource has not been persistent for electricity production in the country. One of the reasons was 
severe technical problems, which led to public aversion regarding its use. 

It is well-known that any power generation scheme is associated with potential environmental 
and population risks; the same applies to geothermal energy making imperative the necessity to find 
and underline the risks stemming from its use in order to strengthen safeguards and preserve the 
acceptability of geothermal facilities and activities. The geothermal fluid itself may contain several 
non-condensable gases (NCG), such as carbon dioxide (CO2) and hydrogen sulfide (H2S). The first 
is a well-known “climate changing" gas, while the other is highly toxic and dangerous above certain 
concentrations. Moreover, the presence of silica and boron in the geothermal brine can be hazardous 
both to people and to the surface environment. For these reasons geothermal fluid reinjection has to 
be implemented. The reinjection process is a vital part of any geothermal development, affecting 
directly the success or failure of any geothermal field development. Thus, a reinjection plan should 
be developed as early as possible in any conceptual study of a geothermal development taking into 
account that the field characteristics are likely to change with time. The fluid reinjection into the 
geothermal system during utilization is going to serve two purposes: a) the resource recovery 
improvement and b) the better management of waste water disposal. 

High temperature geothermal resources as well as medium temperature resources can be used 
to generate electricity through three different kinds of Geothermal Power Plants namely, dry steam, 
flash and binary power plants. In geothermal power plants, steam is used to drive turbines simular 
to conventional fossil fuel plants. Howerver, on conventional power plants, steam is produced by 
boiling water through coal, oil or gas combustion, while in geothermal power plants steam is 
extracted from the ground. [3] 

Electricity generation from geothermal fluids is characterized as new in industry, because the 
first installations of the kind were sited in the beginning of the last century. Geothermal power plant 
installation has been effectuated in 24 countries around the world. More specifically, the total 
Worldwide installed capacity for direct use in 2015 was 12.6 GW and a short term forecasting 
indicates an 9 GW increase by 2020. [4] Greece can be characterized as rich in geothermal 
resources, since the greatest part of the country lies in a region with active tectonic plates with rich 
geothermal content. More specifically, high enthalpy geothermal resources have been identified in 
the active South Aegean volcanic arc and in the islands of Milos and Nisyros with a proven 
potential of 250MW. However, no geothermal utilization for electricity has been deployed so far 
[5]. 

The aim of this paper is to study, through a specific risk analysis approach, potential risks and 
accidents in a geothermal installation (fluid storage) in order to make the latter more reliable and 
environmentally friendly offering at the same time a different perspective to public and influencing 
positively its awareness on this kind of facilities. Since some Geothermal Power Plants face various 
operating faults the need to eliminate or decrease potential failures is considerable. The key point in 
the present paper is a safety analysis determining potential accidents in the storage phase of high 
enthalpy geothermal fluid and the appropriate remediation actions. 
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2. SOURCES OF HAZARD 


2.1 General 

As the aim of this research is to evaluate the potential environmental impacts during the injection 
phase of the geothermal fluid and, furthermore, to provide through a safety analysis appropriate 
remediation actions, some notable efforts in this direction are cited in the following. In 1970 on 
Achuapan field in El Salvador, the first injection effort has been implemented for environmental 
reasons, where a high Boron content (-50 ppm) was identified and surface disposal was not 
admissible [6]. Nowadays, injection seems to be the most favorable solution both environmentally 
and economically. Geothermal fluid injection is important to a geothermal project for a number of 
reasons, such as (a) to avoid surface disposal which can cause environmental impact, (b) to support 
the reservoir pressure, (c) to avoid any ground subsidence, and (d) to benefit from rock matrix heat. 
Depending on the type of the geothermal system, reinjection can be infield, outfield or a mix of 
them. For vapor-dominated systems where the water can run out reinjection should be infield, while 
for hot water and liquid-dominated system a mix of infield and outfield injections is recommended. 
Through infield reinjection, pressure support is provided and, consequently, drawdown and the 
potential for subsidence will be reduced. However, outfield reinjection protects the production area 
from the risk of cold water returns. [7] 

It has been noted that the lack of planning for injection early in the development phase usually 
caused delays in putting power on line and reaching the planned generation level as well [8]. Thus, 
as it was mentioned above, the injection process is a vital part of any geothermal development, 
affecting directly the success or failure of any geothermal field development. 


2.2 Description of problems actually connected with the injection of waste geothermal fluid 
Geothermal fluid does not necessarily require to be injected into the production geothermal 
reservoir; it could be injected into a different aquifer simply to avoid any environmental impact 
owing to surface disposal. However, in that case many problems can occur, such as ground 
subsidence, seismicity or leakage of the injection fluid to the surface due to the injection pressure, 
despite the fact that injection in a shallower aquifer than the producing reservoir saves drilling cost. 
On the other hand, injection into the production reservoir could be both beneficial as it was 
mentioned above but also risky owing to the potential cooling of the production well and the 
possible adverse impact on the chemistry of the extracted geothermal fluid [9]. 

The injection of waste geothermal fluid is most of the times connected with a number of 
problems. The suitability of injection sites is a critical choice for plant operation, production, while 
the injection within the same fault zone can cause serious cooling. Thus, the developer in such 
systems has the choice to inject in shallow ground water aquifers, if the geothermal fluid is 
environmentally benign and could also inject deeper within the fault zone, in order to be heated up 
before mixed again with the production line. Finally, in the case of environmentally benign fluid, 
the latter can be discharged on the surface. 

Cooling provided by injection, seems to be the most common problem in the geothermal 
industry. According to Sanya et al., there are two causes for injection- induced cooling: a) Very 
close distance between production and injection wells, b) *'Short- circuiting’’ of the injected fluid 
to the production wells caused by a fault or fractured zone. However, the cooling problem can be 
identified through tracer test program conduction and could give alert to the developer. 

A potential groundwater contamination can be caused by the injection of the geothermal waste 
on the geothermal reservoir; the main factors are the up flow of the injected water to the 
groundwater aquifer through a fault and the potential leakage of the injected fluid behind the casing 
caused by poor cement bond or probable damage due to corrosion or mechanical causes. However, 
through a careful geologic modeling the first cause can be avoided by locating injection wells in 
alternative sites. 


542 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Leakage of injection waste water to the surface can be indentified in very shallow geothermal 
reservoirs (a few hundred meters). In order to avoid this kind of problem, injection should be deeper 
than the production level. Moreover, the occurrence of micro earthquakes near injection sites could 
be induced due to high pressure injection. More specifically, if the fluid pressure is increased 
beyond the original pore pressure and subsurface zones of weakness or active faults exist near the 
injection area, seismic activity may be induced. Thus, in order to avoid seismic activity, injections 
wells should be located away from known active faults, and the injection pressure should be lower 
than the original pore pressure of the system. [9] 


2.3 Chemical pollution induced 

Chemical pollution occurs both from gaseous components in steam that are discharged into the 
atmosphere and from aqueous components in spent water that may mix surface and ground waters, 
characterized as the most adverse environmental effect of geothermal energy utilization. 
Geothermal fluid may be including CH4, CO;, B and H5S. The last noxious gas has an unpleasant 
smell when present in low and harmless concentrations. In order to reduce chemical pollution both 
waste water and the steam condensate should be injected into drill holes. [8] 


3. THE USE OF RISK ANALYSIS 


3.1 General 

What is risk analysis? Risk Analysis stemmed from the Major industrial accidents of the last 
decades involving dangerous chemicals that pose a significant threat to humans and the 
environment. It involves hazard identification, hazard evaluation, the development of potential risk 
reducing measures, and the communication of risk information to decision makers [10]. 


32 Methods used 

Risk analysis typically involves the following key steps: 
e Hazard identification (HAZID) 
Frequency analysis 
Consequence analysis 
Quantification of risks using output from frequency and consequence analysis 
Investigation of potential risk reducing measures 
Development of recommendations 
The common methods used in Risk Analysis are a) the hazard and Operability Analysis 
(HAZOP), b) the Failure Modes and Effects Analysis (FMEA), c) the “What if" scenarios, d)the 
Fault Tree (FT) Analysis, e) the Event Tree (ET) Analysis, f) the Risk Matrix and many other 
methodologies, which range from purely Qualitative to totally Quantitative and a mix of the two 
that are applied according to the needs and resources of the plant to be analyzed. The methods that 
have been used in this context are the more Qualitative ones, as the detailed engineering of each 
reinjection method has not yet been established. 


4. CONCLUSIONS 


In this study, environmental threats on geothermal power systems caused by injection of 
geothermal fluid were determined. Geothermal fluid injection is site specific; in some cases the 
impact of waste water injection is significant, but alternative solutions can be implemented in order 
to minimize impact and make the geothermal energy developments environmentally and 
economically competitive against the conventional fossil fuels systems. 
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Furthermore, geothermal fluid injection, condensate as a solution to environment impacts but 
also helps maintaining reservoirs pressures, increasing both the operational lifetime of the 
production well and the reservoir lifetime. Waste fluid injection is favorable against surface 
disposal of waste water due to its constituents which may cause adverse effect on the environment. 
A safety analysis determining potential accidents in the storage phase of high enthalpy geothermal 
fluid has been contacted. The final conclusion is that a reinjection plan should be developed as early 
as possible in any conceptual study of a geothermal development taking into account that the field 
characteristics namely, where to inject and how deep, what reservoir fluid cooling method to use 
and which waste water chemistry and appropriate remediation actions to take in order to prevent 
scaling in injection wells. 
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Abstract 


This paper describes the development of a system dynamics framework toward a dynamic risk 
assessment while taking into consideration the mass depletion processes in a natural attenuated 
environment. The development of this framework, assumes that natural attenuation is a complex 
system that evolves over time. Through the cause and effects loops, this deterministic frameword, 
relates the contaminants mass depletion processes, physical and biological, with the different potential 
risk, water ingestion and air inhalation. In order to test the proposed framework, a conceptual model 
of a leaking Underground Storage Tank containing pure benzene in a vadoze zone has been analyzed. 
Geological site specifications and chemical characteristics of benzenes are considered along with fate 
and transport mechanisms that contribute source mass depletion, including volatilization, 
biodegradation, and groundwater recharge due to water infiltration processes. 


Keywords: UST; system dynamics, total cancer risk, MNA; mass depletion 


1. INTRODUCTION 


According to the latest reports by the U.S. Environmental Protection Agency, approximately 51 
percent of the total U.S. population lives within three miles of a Superfund site [1]. Those sites pose 
high risks on human health and the environment. Many environmental health studies suggest that a 
variety of human health problems including cancer [2, 3], correlate strongly with the exposure of 
the local community to contaminated sites through a variety of pathways, such as air inhalation, 
water and food ingestion, or direct contact. 

Increased public awareness and concerns about the hazardous waste sites and their adverse 
effects on human health and the environment started to arise since the late of 1970s [4]. Remedial 
actions are often undertaken in order to mitigate the adverse effects of contamination. Traditionally, 
the objectives of the remediation actions have focused on mass reduction of contaminants of 
concern (COC's) using cost effective treatment methods to protect human health and the 
environment [4, 5]. The intensity of the risk is highly depended on the COCs fate characteristics and 
transport processes that evolve over time depending on the changes in weather conditions [6, 8]. 
This dynamic behavior needs to be taken into account in the decision making process, in order to 
give better estimations for the potential risks. 


2. ANALYSIS 


The system dynamic model (SD) developed under the systems thinking principles, using the 
software Vensim [10]. Systems thinking provides a better insight into a the system's behaviour 
while using the stock and flow structures (Figure 1) time delays and nonlinearities, determine the 
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dynamic behavior of a system [2, 11, 12]. Moreover, the behavior of systems and the impact of 
different policies can be determined utilizing simulations. 


Inflow Outflow 


Figure 1: Stock and flow model [2]. 
The developed dynamic model that integrates mass depletion due to natural attenuation processes 


(volatilization, biodegradation, and groundwater recharge due to water infiltration processes) and 
assesses the receptors cancer risk via different pathways is presented in Figure 2. 


HeightB  Ahouse 


Total 
[Cancer Risk| 


Figure 2: MNA and Risk assesment systems dynamics model [9] 


The above model, is based on an assumed case study scenario which is described in more detail in 
the following section. 


Case study 

The SD model can analyze simultaneously the fate and transport of light non-aqueous phase liquid 
(LNAPL) mixture such are petroleum fuels. However, for simplicity, this case study considers a 
pure compound (benzene) in order to establish a conceptual model. In this respect, the hypothetical 
conceptual model illustrated in the following figure, consists of a pure compound (benzene) which 
is released to the environment from an underground storage tank (UST). The mass of the benzene at 
to=0 (initial conditions), is assumed to be 160 kg. The average thickness of benzene layer is 0.40m 
and it expands in an area of 90m’. Benzene is released in in the vadose zone which is assumed to be 
homogenous with an average porosity of 0.35. The unconfined aquifer is located 10m below the 
spill area and the direction of the groundwater flow is toward the location of the receptor’s well. 
The area is assumed to be a homogeneous soil with no impermeable materials present. As a result 
the aquifer is directly influenced by the climatic factors (precipitation, temperature) and human 
interventions as is irrigation. 
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Depending upon the fate of the LNAPL, several receptors exposure mechanisms may be 
present in contamination scenarios like the one described in this paper: [7, 8]: 
a) Through Surface water exposure due to recharge of surface streams 
b) Through inhalation due to vapor intrusion in basements 
c) Through dissolved species in groundwater via contaminated wells 
In this case study, it is assumed that the receptor is exposed to benzene by two different 
pathways: 
e Through the groundwater ingestion that is utilized from a well installed near the receptor's 
house and contains dissolved benzene, and 
e Through the inhalation of the benzene vapor that intrudes into the house from the subsurface. 
The distance between the contaminated subsurface area and the receptor's house is assumed to 
be 14m (Xp) and the distance to the surface area is 10m (Lp). 


Rainfall 


Figure 3: Conceptual model of contaminant transport and transport mechanisms 
(Xr = horizontal distance between plume and receptors house, LR = vertical distance 
between plume and surface, qint = Infiltration flow rate, qo, = groundwater flow rate 


The LNAPL substances, in the vadose zone, can partition into the dissolved, sorved and vapor 
phases depending upon composition characteristics. Partitioning, depends on the substances water 
solubility, soild organic carbon partition coefficient, soild organic carbon content, and volatility. 
After a volume of LNAPL is released, there are different transport mechanisms that contribute 
toward the mass depletion of the contaminants. 
Specifically in this case study, the following mass fluxes are recognized: 
e A gaseous mass flux which occurs by direct volatilization of LNAPL (benzene) into the gas 
phase, following Henry's law, 
e A dissolved mass flux which is the result of water infiltration in the vadose due to weather 
processes (precipitation), or human interventions (irrigation). 
In addition, two transformation-transport mechanisms contribute to contaminant mass depletion 
and are taken into consideration in this exercise: 
e Biodegradation which plays an important role toward LNAPLs mass depletion, 
e Sorption-desorption quantified by the retardation factor which evaluates transport delays. 
System dynamics allows incorporation of other environmental parameters, such as 
temperature, pH etc., and their changes over time, however, for simplicity reasons they are not 
considered in this exercise. 
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Governing Equations 
The equations used in the model both for mass depletion and risk assessment are presented in 
Tables 1-3. 


Table 7. Cancer risk equations due to Table 2: Values used to estimate the cancer risk due to 
vapor inhalation and water benzene vapor inhalation 
ingestion [13, 14] 


Cancer risk equations List of Symbols Values Units 
Cancer risk due to vapor inhalation CRa, | Drinking water rate 0.67 Vd 
CR,, = ECXURF' consumption : 
Exposure concentration Faw Fra chon of 
C xEFxED drinking water 1 - 
= — contaminated 
AT x365days / year BW Body weight 15 kg 
Cancer risk due to water ingestion EF Exposure jb di 
| LQXEFXEDXCSF frequency i 
ing x ED Exposure direction 
AT x 365days / year isis 6 years 
CSF | Cancer slope factor | 2.7x10^ kg-d/gr 
AT Averaging time 70 yr 
URF' | Inhalation unit risk 7.8x105 g/cm? 
factor 


Table 3: Equations for estimating mass depletion through natural attenuation processes [7] 


Mass depletion equations 


RER Dissolved mass flux . : 
Volatilization solvendas Biodegradation 
to groundwater recharge from 
, Di TN = 
LC LH XE. 1-ex[- MES J, 2 C; xkxV, 
RI z 5 S , 
p? 7 V. 
D = D, x n? T 2 Din x A, V, x O, x A, x T, 
C = On -XxC, 
" s 


The retardation factor is given by the equation: 
R=1+ Po xK,, [1] 
n 
The values that have been used in order to run the simulations for this exercise are given in 
Table 4. 
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Table 4: Values used to estimate the cancer risk due to benzene vapor inhalation 


List of Symbols Values Units 

A; Source area 9x10? cm? 

C; Water solubility 1.7x10? gr/cm. 

D, Free air diffusivity 2.44x10* cm"/month 
Kı Distribution coefficient 0.01178 cm/ gr 

K Rate constant 1.05 month” 
MW; Molar mass 78.11 gr/mole 
N Porosity 0.35 - 

Pi Benzene vapor pressure 12.7 kPa 

din Infiltration rate 9 cm/month 
T, Source thickness 40 cm 

T Absolute temperature 297 K? 

Xi Mole fraction 1 - 

Lpr Source to surface distance 1000 cm 

e, Water field porosity 0.07 - 

8, Air field porosity 0.28 - 

Pr Soils bulk density 1.65 gr/cm" 


3. RESULTS / CONCLUSSIONS 
Considering that all the processes evolve through time the system's dynamics model simulation 
computes mass depletion and carcinogenic risk assessment over time, as shown in Figures 4 and 5, 


respectively. 


Source 


160.000 


120.000 


va 


80.000 


40.000 


0 20 40 60 80 100 120 140 160 180 = 200 
Time (Month) 


Figure 4: Benzene mass depletion. 


Figure 4 shows that benzene mass is taking approximately ten years to deplete. That mass 
depletion is site specific, as it considers specific weather and geological characteristics which 
influence the infiltration rate, and how each of the transport and transformation processes 
mentioned above evolve over time. 
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Total Cancer Risk 


0 Cancer Risk due to vapor Inhalation 


0 50 100 150 200 
Time (Month) 


Figure 5: Total cancer risk, and risks associated to vapor inhalation and water ingestion 


Figure 5, shows that the cancer risks associated with two distinct exposure routes, namely, 
vapor inhalation and water ingestion are above the benzene threshold risk. According to the 
Guidelines for carcinogen risk assessment, the threshold risk of benzene is 10% which indicates the 
risk of 1:1,000,000 risk of cancer. The total carcinogenic risk is derived from the summation of the 
risk for each of the exposure pathways (inhalation and water ingestion considered in this study). As 
shown in Figure 5, the total carcinogenic risk is greater than 10 and exceeds the threshold by two 
orders of magnitude. Therefore, in order to mitigate the receptor's potential adverse health risk, 
remediation actions are necessary. 

Moreover, Figure 5 shows that the receptor is rapidly affected by the contaminated air and the 
risk due to air inhalation reaches a maximum value of 6.8x10? instantaneously and remains 
constant thereof. This can be explained by the constant air field porosity assumption for the specific 
system boundaries. On the other hand, the cancer risk due to water ingestion attains the maximum 
value of 3x10 in approximately 25 months. This can be explained by the transient nature of the 
water infiltration which takes time to become established in the vadose zone. Once the 
contaminated plume fills the pore spaces, it will constantly supply (under a constant qinr) the 
groundwater system with dissolved benzene and eventually reaches the receptor's well, posing a 
cancer risk due to water ingestion. 

As a result of this analysis, we can conclude that system dynamics can provide a better 
estimation of the overall risk in which a receptor is exposed, even in the initial stages of 
investigation where the information is limited [9]. It is important to know the potential pathways by 
which the COC reaches the receptor as well as the associated risk of exposure in order to avoid 
adverse health effects. This can provide a better strategy in terms of risk mitigation and mass 
depletion, as for example, in this case study, a ventilation system could be installed in receptors 
home in order to mitigate the risk due to air inhalation, while simultaneously, the receptor should be 
advised to stop using the water for ingestion purposes. This serves the following two purposes: a) it 
reduces the receptor's risk before the remediation actions start to implement and b) at the same 
time, the system can attenuate the COCs. 

Evidently system dynamics can be an effective tool in the hands of engineers that can help 
optimize remediation schemes while at the same time considering exposure risks associated with 
the various remedial methods. 
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Abstract 


To determine the speciation and to identify the origin of the heavy metals Ni, Cr, Co, Pb, Zn and Cd 
in soils of north Evia, Greece, samples were collected from topsoil and subsoil of 21 sampling sites. 
Metal fractionation was obtained following a 4-step sequential extraction scheme and the following 
fractions were collected for each sample: the acid soluble (1*5, the reducible (29, the oxidisable 
(3'5, and the residual (4™) one. High concentrations of Ni (mean 2542mg kg !) Cr (mean 606mg 
kg ') and Co (mean 118mg kg ') were found due to ultramafic parent rocks. Cr, Ni and Zn were 
associated with the 4" fraction (~82%, «6696, ~72% respectively). Co and Pb were associated with 
non-residual fraction, while Cd presented different associations at each depth. Cluster analysis 
identified 2 main clusters: one that includes Co, Ni, Cr and Zn and represents the natural 
geochemical associations and another that represent anthropogenic sources (e.g. vehicle emissions, 
fertilizers). 


Keywords: geogenic contamination; heavy metals; soil fractionation; North Evia 


1. INTRODUCTION 


Potentially Toxic Elements (PTE) are naturally present in soils as a result of weathering of PTE rich 
parent materials (e.g. geochemical anomalies in mining or volcanic contexts). Lithogenic PTE are 
considered being less mobile than those of anthropogenic origin [1,2]. The parent material largely 
influences heavy metal content in many soil types, with concentration sometimes exceeding the 
critical values [3,4]. Chromium and nickel are present in high concentrations in soils developed on 
ultramafic rocks; up to 125,000 mg kg” of Cr [5] and more than 10.000 mg kg"! of Ni [6,7] were 
observed, while the concentrations of these metals in other soils commonly range from 0 to 100 mg 
kg [8.9]. 

Potential risk for the environment is not determined by the PTE total concentration. Heavy 
metal availability depends on their origin [8], their distribution among the soil constituents, and 
edaphic properties, such as pH, Eh, clay and organic matter contents [10]. Knowledge of the PTE 
solid speciation, corresponding to their chemical binding forms, gives more useful information 
about PTE mobility, bioavailability and potential toxicity [11]. Sequential extraction procedure is 
frequently employed in order to determine the PTE speciation in natural soils and sediments as well 
as in materials of industrial origin [12,13,14,15]. 

The objective of this study was to analyze the geo-chemical behavior of six metals (Ni, Co, Cr, 
Zn, Cd, Pb) present in soils produced by mafic and ultramafic rocks of north Evia, and to 
investigate the origin of elevated trace metal concentrations observed. To accomplish this goal, the 
trace metal concentrations were determined, using the modified BCR sequential extraction method. 
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2. MATERIALS AND METHODS 


2.1 Study area and sampling 

The study area is located at the north part of Evia island, Greece. This area was selected due to its 
parent rock. Geologically, north Evia is covered by mafic and ultramafic rocks, i.e. dunites, 
serpentinized peridotites, harzburgites, Iherzolites [16,17,18]. These types of rocks are known to 
have a chemical composition characterized by high content of heavy metals, such as Ni and Cr, 
which are accumulated during the weathering processes in the soil [19]. 

Soil samples from 21 sites of north Evia (Figure 1) were taken from two depths: 0 - 10 cm (topsoil; 
A) and 10 - 30 cm (subsoil; B). In the laboratory, all samples were air dried and sieved to pass 
through a 2mm mesh. 


i 


445000 450000 455000 460000 465000 


Figure 1. Location of sampling points on north Evia. 


2.2 Analytical methods 

The physicochemical properties of the soil samples were determined by means of standard methods. 
PH and Eh were determined in a ratio 1:1 soil/distilled water, organic matter content by the 
Walkley-Black method, CaCO; content using a Bernard calcimeter [20] while particle-size 
distribution was based on Stokes' Law standard procedure. For the fractionation of heavy metals an 
optimised BCR procedure was followed (Table 1) [21]. Each extraction step was performed in 
triplicate, starting with 1 g of sample. All reagents were of analytical grade quality. Concentrations 
were determined using Atomic Absorption Spectroscopy. 


2.3 Statistical analyses 

Hierarchical Cluster Analysis (HCA) is an unsupervised pattern recognition technique that uncovers 
intrinsic structure or underlying behavior of dataset without making a priori assumption about the 
data, to classify the objects of the system into clusters based on their nearness or similarity [22]. 
HCA classifies a set of observations into two or more mutually exclusive unknown groups based on 
combination of internal variables. HCA was applied using Ward's algorithmic method of 
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agglomeration and squared Euclidean distance as the measurement of similarity. Results are 
presented in a dendrogram where steps in the hierarchical clustering solution and values of the 
distances between clusters are represented [23]. Statistical analyses were applied using SPSS 11.0 
statistical computer program.HCA has been used to classify the heavy metals and help identify the 
sources, whether anthropogenic or natural [24,25,26]. 


Table 1. Reagents and conditions employed for the modified BCR sequential extraction procedure 


Step Fraction Reagent & conditions 


1 g of air-dried soil + 40mL 0.11 mol L! CHCOOH, shaken 16 h at 
room temperature, centrifuged at 3000 rpm for 20 min. The residue was 
washed by adding 20 ml of distilled water, shaken for 15 min & 
centrifuged for 20 min at 3000 rpm. 


1 Acid extractable 


Residue + 40mL 0.5 mol L NH;OH-KCI, pH=1.5, shaken 16 h at room 
2 Reducible temperature, centrifuged at 3000 rpm for 20 min. Residue washing as in 
step 1. 


Residue digested with 10mL 8.8 mol L` HO , 1 h at room temperature, 
1 h at 85 °C in a water bath and reduced to 2-3 mL. Then 10 mL 8.8 mol 
L ! H5O» added, 1 h at 85 °C in a water bath and reduced to 2-3 mL, 50 


d Onidisable mL of 1 mol L ! NHs,COOCH; was further added, shaken 16 h at room 
temperature, centrifuged at 3000 rpm for 20 min. Residue washing as in 
step 1. 
Residue + 7 mL 12 mol L ! HCl, 2.3 mL 16 mol L ! HNO, 16 h at room 
4 Residual 


temperature, 2 h gentle reflux, cool, filtered through Whatman 540. 


3. RESULTS AND DISCUSSION 


3.1 Soil properties 

Thirteen samples out of 21 of depth A presented pH values ranging between 6.6 - 7.1, thus 
reflecting neutral conditions. Eh ranged from 220 — 295 mV, suggesting aerobic conditions, where 
the metals are usually in the form of cations. Organic matter content ranged from 0.8-13.1%, while 
CaCO; content ranged from 3.4 -16.6%. The majority of samples at depth A presented sandy-clay- 
loam and clay-loam soil texture. Regarding physicochemical properties of depth B, pH ranged from 
6.4-7.8 with 14 samples being characterized by neutral conditions. Eh conditions were the same as 
those of depth A (227 — 298 mV) and organic matter ranged from 0.9-5.6%. CaCO; content ranged 
from 4.9 — 13.896. The majority of the samples at depth B presented also sandy-clay-loam and clay- 
loam soil texture. 


32 Geochemical forms of metals in soil 

Ni — At depth A, the majority of the Ni was mainly in the residual fraction (6596 of the total), 
while Ni also absorbed at reducible fraction reached 20% of the total. Ni concentrations at 
oxidisable fraction reached 11% and the acid extractable had much lower values up to 4%. Similar 
metal distribution was found at depth B at four fractions (4°: 66%, 2": 20%, 3*: 10% 1%: 4%), 
which probably indicate that the presence and distribution of Ni at both depths is influenced by the 
same factors. Regarding total Ni concentrations for depth A the range was 71.1 - 4043.5 mg kg"! 
and for depth B 92.1 - 4155.3 mg kg”. According to Selinus et al., [27] the maximum permitted 
level for Ni is 30-75 mg kg’. The above number was exceed up to fifty times in the studied soil 
samples, as expected since Ni is present at high concentrations in soils developed on ultramafic 
rocks more than 10.000 mg/kg [28]. 
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Cr — A significant fraction of Cr was linked to the residual soil fraction, reaching 82% of the 
total at both depths. The oxidizable fraction had absorbed the 16% and 15% of the total Cr at depths 
A and B respectively, while the reducible and acid extractable fraction had negligible values 
reaching 1-2% of the total. The high values of Cr at residual fraction indicate its natural origin at the 
study area. Kierczak et al. [29] suggested that Cr associated at residual fraction (» 76906) at soils has 
been derived from serpentinized rocks, while mineralogical analyses before extraction have shown 
that Cr is associated with highly resistant spinels (Cr-magnetite) which are known to dissolve 
during the last step of extraction. 

Co -The reducible fraction corresponded to the highest Co levels obtained, ranging from 69% 
at depth A to 72% at depth B. Co absorbed at residual fraction was 16% at both depths, while at 
oxidisable fraction were 1096 and 996 at each depth. Concentrations at acid extractable fraction 
were very low, with many soil samples having no-detectable (ND) amounts extracted reached 696 
and 2% respectively. Co is typically found at higher concentrations in ultrabasic rocks, where it is 
associated with olivine minerals, consequently soil developed from ultrabasic rocks is usually 
enriched with Co [30]. During weathering processes, Co is relatively easily mobilized and the 
resulting distribution in soils depends on clay content and the distribution of Fe and Mn oxides [31]. 
Total concentrations for Co at depth A ranged from 28.2 — 191.6 mg kg! and for depth B 54.7 - 
229.5mg kg". 

Zn — Zn was mostly held in the residual fraction (70% and 73% at each depth) in all samples. At 
reducible fraction, Zn amount extracted reached 20% and 17% of the total, respectively. Lower 
concentrations found at oxidisable fraction reaching 7% and 9%, while at acid extractable the values 
were insignificant (3% and 1%, respectively). According to Selinus et al., [27] the maximum 
permitted level for Zn is 150 - 300 mg kg". In this survey, any soil sample was above this limit. In 
particular, total concentrations at depth A ranged from 42.6-75.0 mg kg” and at depth B from 31.8-76 
mg kg”. Zinc occurs in natural soils as a result of weathering of the soil parent material, and total Zn 
contents in soils in average ranges from 40 to 120 mg kg ! depending on their lithology [32]. 

Cd — Cd concentrations in the study area showed no homogeneity among soil samples and no 
covariance between the two depths. At depth A, Cd dominates at acid extractable fraction with 3396 
of the total, followed by the reducible fraction (2496). Oxidisable and residual fractions reaches 
20% and 23% of the total Cd, respectively. However, at depth B, Cd dominates at residual fraction 
with 47%, while acid extractable and reducible fraction extracted 22% each. The concentrations at 
oxidisable fraction were negligible, except of three soil samples, and thus reached 9% of the total 
Cd. Total concentrations of Cd at depth A ranged from ND — 6.2 mg kg” and at depth B from ND — 
4.7 mg kg '. The main minerals in igneous rocks, which have been reported to contain significant 
amounts of Cd, are biotite (4.8 mg kg") [33] and riebeckite (5.8 mg kg") [34]. Moreover it should 
be mentioned, that since 1969 mines of ferronickel ores operate at central Evia and the slag as a by- 
product of nickel production contains heavy metals including Cd. So the presence of Cd in the study 
area maybe is related both to natural and anthropogenic sources. 

Pb — Pb at depth A was associated with acid extractable fraction with 44% of the total, 
followed by the oxidisable fraction with 27%. Regarding reducible and residual fraction, Pb 
extracted at 14% and 10% respectively. At depth B, Pb was mostly related with the oxidisable 
fraction at 39% and with acid extractable fraction at 35%. Reducible and residual fraction presented 
lower values reaching 6% each. According to Selinus et al., [27] the maximum permitted level for 
Pb is 50-300 mg kg '. In the present study, all soil samples had much lower concentrations than the 
above limit, ranging from ND to 122.8 mg kg" in depth A and from ND to 83.5 mg kg” in depth B. 
Probably the limited presence of Pb in the studied soils is due to the deposition of particles from 
vehicle emissions. Such emissions enrich the air and areas by roadways [35], 1096 of which settle 
out in 100m of the roadway, 45% within 20km, 10% within 20-200km and 35% is carried on long- 
range atmospheric transport systems [36]. 
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Table 2. Metal concentrations (mg kg’) in each fraction of modified BCR in soil samples 
at two depths. A: topsoil, B: subsoil, ND: not detected. 


Acid extractable Reducible Oxidisable Residual 
NiA 0 — 142.6 4.08 — 1033.6 21.8 — 1018 30.5 — 2244 
NiB 17.4 — 135.9 ND - 1238.4 68.4 — 391.9 26.3 — 2624.1 
CrA ND — 3.8 ND — 38.8 ND — 169.7 39.3 — 2401.2 
CrB ND - 29.8 ND - 40.8 ND - 176.5 12.4 — 2082.6 
CoA ND - 23.4 21.6 — 135.6 ND — 48.3 ND - 50.6 
CoB ND - 15.8 37.4 — 144.9 ND - 42.8 ND - 64.1 
ZnA ND - 4.9 3.5 - 20.4 1.9- 8.1 28.5 — 54.0 
ZnB ND -3.4 3.9 — 25.2 0.7 — 26.5 22.0 — 53.7 
CdA ND - 3.3 ND -3.3 ND - 1.6 ND - 2.6 
CdB ND - 3.0 ND - 2.6 ND - 1.3 ND - 3.0 
PbA ND - 36.0 ND - 32.0 ND - 60.2 ND - 27.0 
PbB ND-274 ND - 34.1 ND - 47.5 ND - 34.2 


3.3 Assessment of potential environmental risk 


In order to estimate the environmental risk associated with heavy metal pollution in the study area, 
the soil samples were classified according to a Risk Assessment Code (RAC), based on the strength 
of the bond between metals and the different geochemical fractions in soils and the ability of the 
metals to be released and enter into the food chain [37]. RAC is defined as the percentage of the 
ratio of the FI fraction (exchangeable and carbonate fraction) to the total concentration of elements 
in the soil [37] (table 3). 


Table 3. The result of risk assessment code for soil samples of the study area. 


No risk Low risk Medium risk High risk Very high risk 
<1% RAC 1-10% RAC 11-30% RAC 31-50% RAC >50% RAC 
NiA 1 19 - - - 
NiB - 20 - - - 
CrA 12 7 - - - 
CrB 11 6 2 - - 
CoA 10 6 3 - - 
CoB 14 7 - - - 
ZnA - - - - - 
ZnB - - - - - 
CdA - 1 3 1 2 
CdB 1 1 - 1 2 
PbA - - - - - 
PbB - - - - - 


3.4 Cluster analysis 

Topsoil -Results revealed two main groups for soil samples at depth A (Figure 2). The first group 
includes two clusters between Co-Ni and Cr-Zn. The strongest correlation was obtained between Co 
and Ni. Thus, the first group confirms the natural origin of these four metals as it is known that they 
are associated with basic and ultrabasic rocks. The second cluster contained the elements Cd and Pb 
of anthropogenic origin, with a very weak correlation between them. 
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Figure 2. Dendrogram obtained by cluster analysis for heavy metal contents. 


Subsoil — The same grouping was obtained from cluster analysis at depth B (Figure 3). Results 
revealed two clusters of elements: the first one included the same elements as depth A, previously 
been interpreted as elements of natural origin (Co-Ni and Zn-Cr), but also Cd. Thus, Cd at depth B 
associates with the metals of lithogenic origin, indicating its natural source by biotite and riebeckite 
of parent rocks. Also, it should be noted that the correlation between Zn-Cr at depth B was equally 
strong as Co-Ni. Finally, Pb was found isolated, indicating clearly its anthropogenic origin. 
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Figure 3. Dendrogram obtained by cluster analysis for heavy metal contents 


4. CONCLUSIONS 


The presence of Ni, Cr, Co and Zn in soils of north Evia was due to parent material of the area, 
which consists of mafic and ultramafic rocks. Thus, because of the weathering of the parent rock, 
metals are released and bind to solid phase of the soil. Ni is considered to be of low environmental 
risk, according to RAC. Cr although it was found at high total concentrations has also low 
environmental risk as also Co. The study area was not contaminated by Zn, as it was found in low 
concentrations. Pb in the investigated soils is considered of purely anthropogenic origin from car 
emissions of the road network, however the area cannot be considered contaminated by Pb. Finally, 
Cd seems to have both anthropogenic and natural origin and in few soils samples has moderate to 
very high environmental risk. The main anthropogenic sources are probably of airborne particle 
deposition of slag from the activities of ferronickel ores, as well as from insecticides, pesticides and 
phosphate fertilizers. 
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Abstract 


Food industry is facing increasing pressure to ensure that their activities are environmentally 
sensitive, but there is also increased internal pressure to maintain or increase profitability in the face 
of fierce competition. The main environmental issues for the food industry are water, energy and 
natural sources consumptions, solid and liquid waste management, chemicals, biodiversity, land use 
and air pollution. It is therefore necessary, each food industry to establish and implement an 
integrate management system to identify, manage and control those issues. An Environmental 
Management System (EMS) could help any organization to achieve its environmental goals through 
specific goals and targets in order to improved organization environmental performance. The 
purpose of this paper to analyze the barriers that arise during the implementation of an integrated 
and efficient EMS in Cyprus food industry (bakery / confectionary) in the framework of the 
international standard ISO 14001. The major problems arising from the implementation of the ISO 
14001:2004 system were according to paragraph 4.5.3 focus on non-conformities, corrective actions 
and preventing actions, as well as on paragraph 4.4.6 focus on the operational control parameters 


Keywords: environmental management system; ISO 14000; bakery/confectionary industry; 
environmental impacts 


1. INTRODUCTION 


Food industry is facing increasing pressure to ensure that their activities affect the environment as 
are considered to be sensitive, but there is also increased internal pressure to maintain or increase 
profitability in the face of fierce competition. The crucial environmental issues for the food industry 
are water, energy and natural sources consumptions, solid and liquid waste, chemicals, biodiversity, 
land use and air pollution [1].It is therefore necessary, each food industry to establish and 
implement a structured management system to identify their issues rising from their actions, take 
measures for limited their environmental impacts and also insurance that is performance meet its 
legal and policy requirements.The EMS has several Objectives, which are: (1) Encouraging SMEs to 
develop an environmental management system in their production processes, (ii) Assisting SMEs to 
apply concepts of EMSs in their actual operations in order to reduce pollution and comply with 
regulations while saving costs and increasing productivity, (iii) Developing environmental 
awareness among SMEs entrepreneurs, (iv) Laying a solid foundation upon which SMEs could base 
a further step towards international standards such as ISO 14001 or EMAS[2].An EMS helps an 
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organization address its regulatory demands and non-regulated issues, such as energy conservation, 
and can promote stronger operational control and employee stewardship [3]. 


1.1 Environmental management system history 

The environment has been a topic of debate dating hundreds of years. In the 1300's UK Parliament 
passed laws to control the smell from Thames River polluting their own air. However, the 
environmental concerns were increased due to the Industrial Revolution of the 18th and 19th 
centuries. Public outcries over smoke pouring from the stacks of coal burning factories, along with 
the eventual expansion of the petroleum industry, led to a growing concern and requirement for the 
implementation of corrective actions. During 1970's due to several external factors like the 
increased of regulatory pressure for environmental protection, the negative publicity on industries, 
the concerns from the citizens over the environmental impacts from the industrial processes, forced 
a number of industries to adopt on a voluntary base, environmental auditing programs which after 
were the base for the adoption of EMS[4]. In 1987, the United Nations World Commission on 
Environment and Development published a report called *Our Common Future", which first used 
the term "sustainable development" and called on industry to develop effective environmental 
management systems. A few years later in response to public support from more than 50 world 
leaders, the United Nations Conference on Environment and Development (UNCED) was arranged 
in Rio de Janeiro in 1992. This was known as the “Earth Summit" where a call for improved 
environmental management was established [5].In 1993 the European Commission produced a 
regulation on environmental management and auditing with the Eco-Management and Audit 
Regulation (1836/93/EC). This include the Eco-Management and Audit Scheme (EMAS) [6].At the 
same time the International Organization for Standardization (ISO) created a new technical 
committee known as TC 207 to develop an international EMS standard, having in mind other 
standards, environmental management tools and several audit techniques. In 1996, the ISO 14001 
EMS specification was adopted and published [7,8]. Through the years, except the above standards, 
a number of related EMSs were also developed and established around the world (Table 1). 


Tablel:EnvironmentalManagement Systems 


Acronyms Description 
ISO 14001 International Standard EMS 
organization 
BS8555 British Standard Guide to the phased implementation of an EMS 
including the use of environmental performance 
evaluation 
EMAS Eco-Management and Audit A voluntary environmental management instrument, 
Scheme which was developed in 1993 by the European 
Commission 
Green Key A voluntary eco-label award for hotels 
LCA/ISO Life cycle assessment Product standard (covers life cycle assessment (LCA) 
14040 studies and life cycle inventory (LCI) studies) 
ISO 14020 Environmental labels and Establishes guiding principles for the development and 
declarations use of environmental labels and declarations 
Eco label Identify products and services that have a reduced 
environmental impact throughout their life cycle, from 
the extraction of raw material through to production, use 
and disposal 
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1.2. Environmental management system ISO 14000 

ISO 14001 is a worldwide tool potentially applicable from all the organizations (governmental and 
non-governmental) in order to improve the management of their environmental aspects and reach a 
continuous improvement of environmental performance [9].The implementation of this type of 
standards is in a voluntary based, although in some economy sectors received pressures from its 
clients [10]. According to the annual survey, organized by ISO on December 2014, 324148 
facilities worldwide had received ISO 14001 certification [11,12]. 

ISO 14001 is a process standard and accordingly it specifies the characteristics of the 
components of a management system. Thorough the standard the organization developed its 
environmental policy, set specific objectives and targets, as well as implement a program to achieve 
those objectives. Moreover the organization monitor and measure the program's effectiveness, 
correct problems, and conduct reviews aimed at improving the EMS[13].It follows the Deming's 
well known Quality Management approach of ‘‘Plan, Do, Check and Act” an iterative four-step 
management method used in business for the control and continuous improvement of processes and 
products (Figure 1). 


Figure 1: PCDAcycle[14] 


The purpose of this paper is to analyse the barriers that arise during the implementation of an 
integrated and efficientEMS in a bakery-confectionary industry in Cyprus, in the framework of ISO 
14001. 


2. METHODOLOGY 
For the evaluation of the implementation of the requirements of the ISO 14001 standard, the results 
that independent certification body were provided to the management team of the organization were 
taken into consideration (Table 2) for a period of 8 years (2008-2015). 

The certification of a system is the recognition that the system meets a specific requirement of 
the proposed standard. The certification is granted by a certifying agency accredited by a 
supervisory body[15].The external audit takes place by the independent certification bodies are 
based in the requirement of the ISO 19001 which set the guidelines for the management systems 
auditing. Each certification has duration of three years and the external audit takes place at least 
once a year in order to find out if a continual improvement is exist and if the requirements of the 
specific standard still in place.The audit process enables continuous improvement in an EMS 
because it identifies non-conformities, highlights opportunities for improvement, and documents 
how the EMS encourages positive practices[16].Non-conformity are divided into three categories: 
a) observations, which are suggestions for improvement given by the inspector, b) minor non- 
conformity, which the organization needs to take corrective actions until the next evaluation and c) 
the major non-conformity, which the organization have to take actions in a period no more than 3 


562 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


months, otherwise if the non-conformity can't be closed then no certification is given to the 
organization. 


Table 2: Basic paragraphs of ISO 14001:2004 [17] 


ISO 14001:2004 ISO 14001:2004 
0 Introduction 4.4.2 Competence, training and awareness 
1 Scope 4.4.3 Communication 
2 Normativereferences 4.4.4 Documentation 
3 Terms and definitions 4.4.5 Control of documents 
4 Environmentalmanagementsystemrequirements 4.4.6 Operational control 
4.1 General requirements 4.4.7 Emergency preparedness and response 
4.2 Environmentalpolicy 4.5 Checking 
4.3 Planning 4.5.1 Monitoring and measurement 
4.3.1 Environmentalaspects 4.5.2 Evaluation of compliance 
4.3.2 Legal and otherrequirements 4.5.3 Non conformity, corrective action and 
preventing action 
4.3.3 Objectivestargets and programmers 4.5.4 Control of records 
44 Implementation and operation 4.5.5 Internal audit 
4.4.1 Resources, roles, responsibility and authority 4.6 Management review 
3. RESULTS AND DISCUSSION 


The data were analyzed from the reports given to organizations on a yearly basis by the independent 
certification bodies. Those reports, present in detail the progress of the organization compared to the 
implementation of the requirements of the EMS. Also record the non-conformities arising during 
the audit which is based on the paragraphs (and their subsections) of the standard (Table 2). 

Figure 1 present the numbers of observations in relation with the paragraphs of ISO 
14001:2004 for the period of 8 years. Most of the audits indicated that the observations were related 
to the paragraphs 4.4.2 focus on the competence, training and awareness (for the years 
2009,2013,2014), 4.4.6 focus on the operational control (for the years 2008,2009,2012,2015), 4.5.3 
focus on non-conformity, corrective action and preventing action (for the years 2010,2011,2014) 
and 4.5.4 which focus on control of records (for the years 2009,2013,2014). As on 2009 were the 
first year of the ISO 14001 implementation 7 observations were identified focuses on the above 
paragraphs, while on 2011 (after from 3 years implementation) were identified 4 of those and 5 on 
2014. 
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Figure 1: Number of Observations according the Figure 2: Number of Minor Non-conformities 
requirements of ISO 14001:2004 according the paragraphs of ISO 14001:2004 
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Even though minor non conformities (Figure 2) were observed during the yearly survey audit 
(2008 were identified large numbers on minor non-conformities) those were less than the 
observations. Those minor non-conformities, needs further attention in order to avoid any 
inconsistencies from the ISO 1401 requirements. Those inconsistencies in case that no further 
attention will be given will turn on major conformities. Figure 2 indicated that the requirements of 
4.5.3 paragraph were the most relevant and frequently issue. 


2008 2009 2010 2011 2012 2013 2014 2015 


E 4.3.1 84.3.2 8 4.3.3 04.4.1 BH 4.4.2 B 4.4.3 BL 4.4.4 64.4.5 [14.4.6 04.4.7 64.5.1 64.5.2 4.5.3 8 4.5.4 B 4.5.5 


Figure 3:Total number of observations, minor and major non conformities 


As indicated in Figure 3 no differences were observed on the total numbers of observations and 
non-conformities (minor and major) comparative with the years 2008, 2009, 2011, 2014. Totally 
and for the 8 years in reverse series (Figure 3) the requirements of the paragraph 4.5.3 received 12 
numbers of observations, minor and major non conformities, followed by 4.4.6 with 6 while the rest 
paragraphs presented with 2-4 number of observations, minor and major non conformities. 
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Figure 3: Total number of observations, minor and major non conformities overall 
for the eight years 
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The analysis of the data indicates that the implementation of the requirements of a standard 
presents number of difficulties and obstacles. It is obvious that the main problems concern: a) 4.5.3 
non conformity, corrective action and preventing action (i.e.no corrective actions about the previous 
inspection observation/non conformities), b) 4.4.6 operational control (1.e.growing plants next to the 
oil and gas storage area, oil containers were found out of the planned disposal) c) 4.5.1 monitoring 
measurement (i.e. non-compliance with certain legislations), d) 4.4.1 resources, roles, responsibility 
and authority (i.e. roles and responsibilities were not defined)and e) 4.4.2 competence, training and 
awareness (i.e. there is not documentation about training). 

The main issue for the implementation of the requirements of ISO 14001 is consider to be 
paragraph 4.5.3 according to Searcy et al (YEAR) which indicated that the most common 
weaknesses has to do with the top manager vision which doesn't demonstrate how important 1s. 
Moreover according to the same researcher is that the problem(s) is/are been solved without any in 
depth investigation why the problem(s) was/were appears. Probably an explanation for this issueis 
the fact that the standard does notprovide and even more prescriptive clear distinction between a 
major and minor non conformity which remain to the Auditor to justify it is consider to be minor on 
major non confirmative indicated how subjectively is the opinion of the auditor. 

Total cost according to [18] is consider to be one of the main issue that the management team 
take into consideration when a decision must take to apply or not the standard and furthermore if 
the system is being applied the same issues is presented when minor or major non conformity is 
being identified during the audit process and corrective action must be taken. Hence, lack of vision 
and specific goals (qualitative and quantitative) of the leadership and/or the management team of 
the organization, resulting to improper and ineffective implementation of the system (reference). 
Government support(i.e special tax exemption for ISO 14001 certification and consultation fee)and 
stakeholder demand as well as the fact that ISO 14001 is not a legal requirement constitute the most 
relevant factors hindering the adoption of the standard [19] from several economical activities. 

In order to control and monitor the above non-conformities, each organization should change 
the way faced the system requirements. Specifically, leadership must develop a long-term strategic 
planning which through this each organization will seek to define roles and responsibilities to each 
employee regarding their obligations in implementing the system, to establish continuing education 
programs in the framework of lifelong learning and moreover to choose suppliers who will satisfy 
specific environmental requirements (such as the implementation of an environmental management 
system in order to minimize their environmental impact by taking actions such as waste prevention, 
recycling etc) 

According to Zorpas (2010), motivations are needed in any organizations to implement EMS as 
well as to identify their environmental responsibilities. Those motivations has to do with the 
reduction of taxes (the most catchable one), as well as with personal (but not ethical) vies and 
believes. 


4. CONCLUSION 


Any EMS specifies requirements which an organization has to implement to reduce its 
environmental impact. An EMS can be a powerful tool for organizations to improve its 
environmental performance and increase its business efficiency. The implementation of an EMS it's 
not simple and easy. Economical and the typical structural of the organizations are the most 
significant incentives to motivate the employees and the management to adopt EMS. Additionally 
the fact that the implementation of a standard is not a legal requirement and there is no any 
requirement or demand from customers or stakeholders constitutes effect negative result on 
applying the standard. It is therefore essential to identify effective and realistic incentives as 
mentioned above, to encourage SMEs primarily to implement EMS. SMEs seem to need support 
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and guidance, in particular for the environmental review and environmental aspects and 
significance evaluation. Moreover the collaboration between the leadership and employees it's 
crucial. Both of them must have a common purpose and goal to identify targets and objectives to 
minimize their environment impact and operated their procedures in a sustainable way. 
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Abstract 


For many years, great attention has been paid to the relationships between some respiratory and 
digestive system diseases and the asbestos-like minerals within different environmental matrices. 
These harmful minerals generally occur as naturally exposed friable fibres that can be easily 
released into the environment as a consequence of both natural processes and anthropogenic 
activities. The aim of this paper is to evaluate the best analytical tool for an easy, quick and safe 
analysis of the asbestos-bearing rocks. Therefore, we compared methods and results derived from 
the X-ray powder diffraction analysis and the “~-Raman spectroscopy performed on the asbestos-rich 
serpentinite rocks of the Pollino Massif (southern Italy). The more detailed mineral identification, 
lower acquisition times, and higher safety levels of the spectroscopic technique have been 
documented suggesting the latter method is preferable to the most common X-ray powder 
diffraction for the study of health dangerous materials. 


Keywords: serpentinites; asbestos minerals; toxicity; Pollino massif; u-Raman spectroscopy. 


1. INTRODUCTION 


Fibrous silicate minerals belonging to the serpentine and amphibole mineral groups are flexible, 
heat-resistant, and chemically inert. When their habitus [long (> 5 um) and thin] and dimensions 
(diameter < lum) are inhalation-compatible can cause high mortality neoplasms (asbestosis, lung 
cancer, and malignant mesothelioma) [1, 2, 3, 4]. 

Among these, malignant pleural mesothelioma (MPM) is an uncommon neoplasm typically 
originating by chrysotile, crocidolite, amosite, or tremolite that are considered to be the most 
dangerous carcinogen fibres. Most of the asbestos-induced mesotheliomas occurs in the industrial 
environment being linked mainly to a protracted asbestos exposure of workers engaged in 
extracting and manufacturing of asbestos-containing materials [5]. However, it is currently 
recognized that asbestos-caused health problems may also develop in non-occupational 
circumstances [5, 6, 7]. The regular environmental exposure in the neighbourhood of industrial 
sources (asbestos mines and mills, asbestos processing plants), the passive exposure in buildings 
containing asbestos, and the natural environmental exposure to geological sources are some 
examples [8]. The environmental exposure is of special and broad interest because can starts during 
childhood and be lifelong. There are several studies which demonstrate the strong linkage between 
mesothelioma and environmental asbestos exposure especially in people living in close vicinity of 
naturally occurring asbestos sources and/or having direct contact with asbestos [9, 10, 11, 12]. 

In some areas of southern Apennines (Basilicata region, southern Italy) where several cases of 
mesothelioma were documented [13], the Regional Operating Centres of Basilicata (COR) the 
Italian National Mesothelioma Register (ReNaM), and the COR Puglia conducted a complete 
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epidemiological study. In detail, 17/90 mesothelioma cases refer to people living in areas close to 
natural outcrops of asbestos-bearing rocks [14]. Asbestos-bearing rocks, chiefly serpentinites, can 
release significant amounts of fibres into the air, water, and soil during the quarry operations, most 
commonly as a result of extraction procedures including the stacking, storing, and grinding of 
excavated materials. In this regard, the presented study focuses on several natural, serpentinite 
outcrops within quarries developed in the low-grade metamorphic ophiolites of the Pollino massif 
(Calabria-Lucania boundary, southern Italy). These rocks were used as pilot samples for the 
identification of asbestiform minerals (serpentine as well as amphibole mineral phases) by mean of 
L-Raman spectroscopy and X-ray powder diffraction (XRPD) analysis to compare the analytical 
procedures as much as their results, with the final aim to assess the better method for the study and 
the identification of health dangerous materials. 


2. THE ASBESTOS-BEARING ROCKS OCCURRENCE 


This study focused on serpentinites rocks that represent the Iherzolitic to harzburgitic, upper mantle 
basement of the Internal Liguride sequence consisting of Neotethyan Ocean fragments uplifted 
during formation of the Appenine belt [15, 16, 17, 18]. Serpentinites are englobed in a 
methamorphosed ophiolitic suite where mafic dykes and medium to high-grade metamorphic rocks 
such as amphibolite, gneiss, granofels as well as gabbro and pillow lava basalts occur [19]. The 
ophiolite suites suffered two major phases of ocean floor polyphase metamorphism [19] during 
which ductile deformation, recrystallization, and hydrothermal metasomatism processes favouring 
the formation of the fibrous minerals as main mineral phases of bulk rocks and vein infill. 

In southern Apennine, at the Calabria-Lucanian boundary (Figure la), the asbestos-bearing 
serpentinites are widely exposed at several active and abandoned quarries (Pietrapica quarry, Timpa 
Castello quarry, Fagosa quarry, Fosso Arcangelo, San Severino Lucano, Rovine Convento Sagittale 
localities, Monte Nandiniello and Ghiaia quarry) (Figure 1b). 


and Albidona Fms 
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carbonates P. ; R. Convento S. Bax 


Figure 1. (a) Geological sketch map of the southern Apennines (modified after Sansone et al., 
[[19]]) and location of the study area. (b) Representative quarries at the Calabria-Lucanian 
boundary. 
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As recently documented by Dichicco et al. [20], based on their macroscopic features, the 
serpentinite rocks can be classified as cataclastic and massive. Cataclastic serpentinites are 
ubiquitous throughout all the examined sites and include the massive ones. Cataclasites exhibit high 
degree of fracturing and deformation that form cohesive serpentinites and/or fault breccias. Several 
generations of cross-cutting fractures were observed as well. The fractures are almost completely 
filled by exposed white and grey fibrous minerals. The fibres are soft and friable and easily released 
by water runoff and weathering processes. Two fibre types have been identified in the outcrops: 1) 
big and elongate fibres developed over slickensided surfaces (Figure 2a); 2) very fine-grained fibres 
forming a network pervading the whole rock (Figure 2b). Conversely, the massive serpentinites 
show a low fracturing and deformation degree and any exposed fibrous minerals. However, the 
cataclastic and massive serpentinites have homogeneous mineral compositions. They are mainly 
composed by, in order of decreasing abundance, serpentine, tremolite-actinolite, chlorite, magnetite 
and other Cr-spinels, with minor but ubiquitous calcite, dolomite, and clay minerals. 

At microscale, serpentinites are characterised by serpentine + magnetite mesh-texture with a core 
of relict olivine grains. Along cleavage planes, lamellae and fibres of serpentine are spread on bastite 
pseudomorphs after orthopyroxene. The amphibole minerals, being of the tremolite-actinolite series 
[20], show acicular and elongated habitus. These minerals are present in veins as much as in the 
matrix of analysed rocks forming crowns around clinopyroxene porphyroclasts. The serpentinites are 
crosscutted by a micro-network of nanometre to millimetre veins filled by fibrous serpentine and 
serpentine + amphiboles, amphibole minerals, calcite + amphiboles, chlorite, and prehnite. 


Figure 2. (a) Centimetre fibres developed over slickenside surfaces (Fagosa quarry). (b) Very fine- 
grained fibres along a fracture network pervading the full rock (San Severino Lucano quarry). 


3. ANALYTICAL METHODS 


Thirteen samples of serpentinite rocks from the Frido Unit were collected at Fosso Arcangelo and 
Rovine Convento Sagittale sites (Figure 1). Based on field observations, studied serpentinites were 
concerned by both cataclastic structure and veins with different thickness pervading the whole rocks. 
The XRPD analyses were performed at the Department of Sciences, University of Basilicata, on 
randomly oriented powdered samples of both bulk rocks and vein infill, using a Siemens D5000 
diffractometer with CuKa radiation, 40 kV and 32 mA. Data were recorded between 5° and 70° 20 for 
the bulk rock samples and from 15 to 70?20 for the vein infill, with stepsize of 0.02? and speed of two 
seconds per step in order to optimize the signal/noise ratio. The mineral phases identification was 
realized by mean of X'Pert HighScorePlus software using the PDF-2 (2005) database. Raman 
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spectroscopy measurements were performed at the Department of Sciences, University of Basilicata, 
using a Horiba Jobin-Yvon LabRam HR800 spectrometer equipped with a HeNe laser source with a 
wavelength of 633 nm, a CCD detector operating at -70°C and an edge filter that exclude from 
detection shift below 150 cm’. A spectral resolution of 4 cm” was obtained by a holographic grating 
with 600 lines/mm. Correct calibration of the instrument was verified checking the position of the Si 
band at + 520.7 cm''. Output laser power was 20 mV, and measurements were performed using 
optical microscope Olympus with objective of 10X, 50X and 100X. Analyses were carried out on 
macroscopic samples. Spectra result from the average of 5 acquisitions of 10 s to optimize the 
signal/noise ratio. Two regions of the Raman spectra were investigated: 150-1.200 cm ! for structural 
bonding characterization and 3.500-3.800 cm” for the characterization of the hydroxyl groups. 


4. RESULTS AND DISCUSSION 


4.1 XRPD assessment 

The X-ray diffraction analysis of powdered bulk rock allowed clearly the recognition of the 
serpentine and amphibole-like minerals (actinolite, d 2 8.31 Á; tremolite, d = 2.94 À) that are the 
dominant phases, followed by 2 : 1 phillosilicate (clinochlore, d 2 4,74), with minor amount of iron 
oxides (magnetite, d = 2.52). Different carbonate phases were also identified as calcite (d = 3.04), 
aragonite (d = 3.38), and dolomite (d = 2.88) (Figure 3). In addition, the diffraction patterns of veins 
show that amphiboles (actinolite; tremolite), and carbonate minerals are the main components. 
Calcite and aragonite with minor amount of dolomite and rhodochrosite (d = 2.80) are also 
identified in these samples (Figure 3). The XRPD analysis does not allow accurately the 
identification of different serpentine polytypes, because the position of the main diffraction peaks, 
in turn related to the chemical composition of the each polytype, is very similar. 


4.2 -Raman spectroscopy 

u-Raman measurements were performed to further identify minerals that compose the serpentinite. 
This technique is particularly efficient for a quick and reliable identification of serpentine minerals 
(lizardite, antigorite, chrysotile and polygonal serpentine), as well as amphibole polymorphs 
(tremolite — ferro-actinolite) [21, 22]. Results show that lizardite and chrysotile, are the dominants 
serpentine variety. In both fibrous antigorite and chrysotile the main peaks in the Raman spectrum 
are related to the symmetric Si-O,-Si stretching and SiO, bending modes, which occur at 687 and 
378 cm” in antigorite, and 694 and 388 cm” in chrysotile, respectively [[21], [22]]. Two strong 
peaks at 230 cm' in antigorite and 235 cm’ in chrysotile are related to the O-H-O vibrational 
modes. Furthermore, antigorite may also be easily distinguished from chrysotile on the basis of the 
1.045 cm’ antisymmetric Si-O,-Si stretching mode (Figure 4a). In the spectral region associated to 
vibrational modes of the OH groups, antigorite and chrysotile are characterized by very different [ | 
Raman spectra. Antigorite shows two main bands at 3.672 and 3.701 cm”, whereas chrysotile 
shows a major, asymmetric band at about 3699 cm”, with a tail toward lower frequencies, and a less 
pronounced peak at about 3.691 cm’ [23] (Figure 4b). In addition, light green serpentine was 
identified as polygonal serpentine. It shows quite similar Raman spectrum to those of the lizardite at 
low wavenumbers, but strongly differs at high wavenumbers (3.500 to 3.800 cm). At high 
wavenumbers the polygonal serpentine is characterized by a large peak composed by two bands 
centered at 3.693and 3.704 cm’ [[24], [23]] while lizardite presents a sharp peak at 3.685cm ! and a 
lower one at 3,708cm ! (Figure 4b, Table 1). The low wavenumber spectra of different serpentine 
species are very similar and the attribution can be complex since variation of the chemical 
composition can induce variation in peaks position and relative intensities. On the other hand the 
analysis of the vibration of the OH groups allows to easy discriminate among different polymorph 
species [25]. 
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Figure 3. XRPD patterns of selected bulk and vein serpentinite samples. Legend: filled triangle = 
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Figure 4. Raman Spectra at low (a) and high (b) wavenumbers of serpentine minerals. 
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The main feature of the Raman spectra of tremolite — ferro-actinolite minerals in the low- 
wavenumber region (100-1.200 cm!) is the A, symmetry mode at nearly 675 cm“, related to Si-O 
symmetrical stretching. This mode, when substituting Mg^* with the heavier Fe**, downshifts from 
675 cm” in pure tremolite to 667 cm” in Fe-rich actinolite (ferro-actinolite) [[26]]. In the high- 
wavenumbers region (3.500-3.800 cm’) a number of OH stretching bands (from 1 to 4) may be 
present. The number and relative intensity of these bands depend on the X value (X - 
Mg/(Mg+Fe”*)). According to Chen et al. [27] and Bersani et al. [26], for 0.9< X<1 we have 
tremolite, for 0.5«X« 0.9 actinolite, and for X«0.5 ferro-actinolite (rare). In nephrites the OH group 
vibrations are influenced by the population of the 3 metal sites where Fe^* or Mg’ could be present 
[27]. When only Mg is present (as in pure tremolite), only one peak (at 3.675 cm’) is observed. As 
the amount of iron increases, the other peaks, related to different combinations of Fe** and Mg” in 
the sites close to OH, arise at lower wave numbers [[26]]. 

In our spectra symmetric and antisymmetric Si-O-Si stretching modes of fibrous amphibole 
give peaks at about 675 cm’ and 1.062 cm’, which are also the strongest ones. O-H-O vibrations 
produce one other strong peaks at about 223 cm. In the OH vibrational region, amphibole shows 
two peaks, the most intense at 3.675 cm !, and the second at 3.660 cm'! (Figure 5, Table 1). 
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Figure 5. Raman Spectra at low (a) and at high (b) wavenumbers of the tremolite. 


Therefore, the number and relative intensity of these bands represent almost pure tremolite with 
a small percentage of Fe^*. In fact, as reported by Bersani et al. [26], X value can be estimate from 
Raman spectra considering: X=(Aj2)/(1/3+Aj2), where A» is the ratio between the areas of OH 
Raman bands at about 3.675 and 3.660 cm’. In Figure 5 is reported the composition (X value) 
estimated from the areas of the OH bands. 


Table 1. Diagnostic peaks in u-Raman spectra of serpentine and amphibole minerals 


Minerals 
Pol. Serpentine 236 350 696 1121 3646 3693 
394 3704 
Chrysotile 235 345 694 1106 3649 3699 
Mg3Si;Os(OH)4 388 3691 
Lizardite 233 350 514 628 1091 3654 3685 
Mg;3(OH)4Si205 389 698 3708 
Antigorite 230 378 520 687 1045 3672 
(Mg,Fe^)4(OH)4Si;0s 3701 
Tremolite 175 367 529 675 930 3660 3675 
Ca;MgsSisO»; (OH); 223 392 1030 
415 1062 
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5. CONCLUSIONS 


In this study the cataclastic and massive asbestos-bearing serpentinites from southern Apennines 
were investigated. These rocks widely occur at natural outcrops as well as in active and abandoned 
quarries where a harmful exposition of soft and friable fibrous minerals (easily released into the air, 
water, and soil) was documented. In this realm, it is very important to find an analytical tool of 
environmental control useful for the identification of the asbestos minerals. Therefore, two different 
techniques for mineralogical analysis, the XRPD and the j-Raman spectroscopy, have been 
performed and compared. The results suggest both the analytical methods provide reliable data 
about the mineralogical composition of the serpentinite rocks. However, only the u-Raman 
spectroscopy allowed the identification of the different serpentine polytypes and nephritic 
amphiboles. Besides, the u-Raman method shows further advantages than the XRPD one. The u- 
Raman spectroscopy, for instance, is a very quick technique because it requires acquisition times 
(only few seconds) much lower than those needed for the XRPD (some hours). Finally, we believe 
that, to study rocks containing minerals hazardous for the human health, the -Raman spectroscopy 
is easier and safer than the XRPD, because the spectroscopic analysis can be performed directly on 
the macroscopic samples avoiding all harmful rock treatment activities, such as crushing and 
pulverizing, which conversely are mandatory for the diffraction analysis. 
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Abstract 


Rural road construction and improvements have dynamic impacts on farm productivity and crop 
choices. It has been shown that the improved roads reduced market prices of local crops. This 
research work examines ways that transportation decisions affect land use patterns, and the resulting 
economic, social and environmental impacts. These include direct impacts on land used for 
transportation facilities, and indirect impacts caused by changes to land use development patterns. 
Specific methods for evaluating these impacts in transport planning are described. Mitigation 
measures against land degradation induced by rural road construction are also discussed. A system 
of sub-programs has been developed to analyze the full geometric characteristics of a road project 
and assess the impact caused by both the construction and operation of roads to agriculture or 
farming lands. 


Keywords: farm access road; rural road; farming; environmental impacts; crops 


1. INTRODUCTION 


A transportation mode is the means of mobility used to carry goods and persons from one place to 
another. Rural roads promote economic development, but they also facilitate deforestation and have 
important impacts on arable land [1]. To explore this tradeoff, land uses are explored depending on 
different physical characteristics. Probabilities of alternative land uses as a function of land 
characteristics are also estimated. Controls are incorporated for the endogeneity of road placement. 
Geographic information system techniques are appropriate for the selection of sample points at 
various intervals (usuallyl kilometer). It seems that constructing roads in areas with agriculturally 
poor soils and low population densities may not be a viable proposition, causing habitat 
fragmentation and providing low economic returns. 

The development of an area receives increased pressures by new infrastructure, especially 
roads. This feature is beneficiary for the economic support of development projects, but it is not 
positively acting on the surrounding environment and land uses. Thus planning and management of 
acceptable sites coupled with control is necessary, so as to avoid damaging pressure on sensitive 
sites [2]. Rural road projects, being usually small in scale, could probably generate adverse 
environmental impacts, both direct and indirect. Direct environmental impacts have their origin to 
activities related to construction and rehabilitation activities. Indirect environmental impacts are 
usually connected to the operation of improved roads (e.g. a rural road could facilitate the 
exploitation of mineral in remote sites and contribute in economic development of the particular 
area. However, adverse impacts could be generated without adequate enforcement of environmental 
regulation [3]. 

General hazards and risks are applicable to major road projects. However, some impacts may 
arise specifically as a result of the project (e.g. degradation after the completion of construction) [4]. 
All the time, the rural road network is under uncertainty due to various reasons. The presence of this 
network and its traffic flows offer access possibilities and they contribute in the economic growth, 
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while on the other hand they cause fragmentation. The real ecological impact of this fragmentation 
depends on a variety of variables, such as the characteristics of the road and of the fauna species [5]. 


2. IMPACTS OF RURAL ROADS ON THE ENVIRONMENT 


The road infrastructure can have various types of direct effect on its environment. The intensity of 

impact depends on specific types and characteristics of the: 

(1) road (width, kind of pavement, mitigating measures); based on their function, road networks 
could be distinguished in motorways, rural highways and minor rural roads [6, 7]. Minor rural 
roads are in their majority local collectors and access roads. 

(2) traffic (speed, flow, composition by mode); 

(3) verge (width, shape, surface, overgrowth); on a slope, wind velocity is increased and may also 
increase by some topography features leading to the requirement for protective measures [8] 

(4) surrounding land uses (town, forest, agricultural land); and 

(5) species (size, weight, food specialisation, home-range, dispersal ability, and rarity). 

The physical existence of roads in the natural landscape creates new ecosystem limits, alters the 
hydrology dynamics and disrupts the natural processes and ecosystems. The maintenance of roads, 
as well as traffic, pollutes the surrounding space with various pollutants and noise. The main 
impacts of roads on ecology include [5]: 

e Habitat loss. 

e Disturbance, annoyance. 

e Corridor creation; the greatest effects are located where a road crosses or is alongside wide 
corridors, while the least are where a small road is alongside the margin [9]. 

e  Hindrance of locomotion (barrier effect). 

e Mortality. 

e Impacts on hydrology and aquatic habitats. 

e Invasion of exotic species. 

e Access facilitation in areas previously inaccessible. 


3. PARTIAL MODEL OF RURAL ROAD IMPACTS IN CULTIVATED LANDS 


The discrepancy between universal models and a proposed road alignment is resolved through the 
Environmental Impact Assessment achieved by various systems. A system of sub-programs of this 
type has been developed in the Transport Engineering Laboratory of the Democritus University of 
Thrace in order to analyze the full geometric characteristics of a road project and assess the impact 
caused by both the construction and operation of roads to agriculture or farming lands. 

In the following paragraphs, the part of the software relating to the impacts on the environment 
due to the operation of roads whose alignment passes through cultivated sites or developed in 
agricultural manner areas will be analyzed. The goal is to highlight the dominant idea on which the 
software is based and the way the relationship between the user and the computer is interactively 
developed when data is imported as well as when the management of results is necessary. 

The partial model explores the effect of roads during their construction and use on the 
agricultural production. The expected impacts are divided into two types of damage: 

1. Total loss of agricultural surfaces. 
2. Permanent degradation of agricultural products due to frost damage and food contamination 

In the proposed model, the following input data are used (data in the form of thematic maps): 
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e Rural land uses, i.e., thematic map with the frame outline of each variety and form of rural 
surface, as it is differentiated in terms of land use and sensibility of use in frost conditions and 
sensitivity in exhaust gases, a soil quality thematic map etc. 

e Cold air sources, i.e., a thematic map with cold air frame outlines (soils with high evaporation, 
valleys with abundant waters, wide plains, fields, etc., where there is a temperature drop). 

In addition, the following elements received by the road alignment program are required: 

e  Embankments 

e  Carriageway lane 

e Cuts 

e  Embankments effect on cold air flow 

* Contaminated areas. 

If the road passes through agricultural surfaces, surface losses there exist; this will nullify any 
agricultural exploitation. The total loss of agricultural surfaces is calculated in two steps: (a) direct 
loss of agricultural land surfaces due to their occupation by the road and (b) the negative influence 
of the area segmentation. 

Agricultural land surfaces are often directly lost due to their occupation by the road. As it can be 

seen in Figure 1, the total surface area, V, required by the road infrastructure is the union of 

surfaces: 
V=AUBUC 

where: 

A is the surface area required for the construction of embankments, B is the surface of the 

carriageway lane, and C is the surface required for the construction of road cuts. 

This result is finally introduced in the program (indication A in the flow diagram) and its 
intersection with the surface "agricultural land uses" (indication B in the flow chart) yields: (a) The 
direct loss of agricultural surface area from the road: intersection AOB and (b) The remaining 
surfaces with agricultural land uses: R= A\B 

Because of the crop rotation that intensifies the farming land exploitation and balances the 
output of various different land uses (ex. orchards and vineyards, vegetable cultivation) the direct 
loss of agricultural surface area by the road construction, is classified in only three categories: 
arable land, land with permanent grass, and special cultivations. Generally, only higher quality soils 
are hold for arable land, while for grass and pastures lower quality soils are used. 

The result of the intersection (common surface area) of the road corridor and the agricultural 
land is given in the form of a thematic map along with a table where the surface losses of 
agricultural land uses are depicted. 

The remaining surfaces with agricultural land uses (existing agricultural surface areas minus 
the agricultural surface loss) is given in thematic map form, as well as in table of surfaces form so 
as to facilitate the further research of other impacts. 

Negative (harmful) effect due to segmentation of the area surfaces means that the alignment of 
the new road not only requires farming land, but it also causes dissociation of several small 
agricultural surfaces from a continuous agricultural area. In such a way, parcels of small surface 
area result having at the same time non-favorable geometric shape (triangles with very sharp angles 
which are especially disadvantageous). These pieces of agricultural land lose their significance as 
farming areas completely, because their exploitation will not be any longer profitable. Due to 
segregation, these pieces are also considered as lost agricultural land surfaces. 

Permanent degradation of agricultural production may be experienced as a consequence of frost 
[10]. The growth of agricultural products may also be affected by road traffic. The released gases 
from vehicles contaminate foods with contaminants that can be transferred through the food chain 
and accumulate. The effect of heavy metals accumulation due to road construction and function on 
plants and crops is similar to that of exhaust gases. [11] 
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3.1 Frost damage caused by cold air due to embankments 
The microclimate can be greatly influenced by the construction of a road, such as the interruption of 
the cold air currents by the embankments. Kim et al. [8] investigated the effect of the height of 
embankments to prevent the cold air flow. The duration, frequency and extent of obstruction of the 
cold air flow are also dependent on several meteorological and topographical data. The road 
alignment program must be capable of calculating the surfaces "effect of embankments on cold air 
flow" (indication A in the flow diagram) based on distances (I) which depend on the height of 
embankments (suggested h:1 = 1:5, with; h=height of the embankment and l=distance from the crest 
of the embankment, in which the accumulation of cold air extends). 

Deep valleys with low wind speeds tend to produce very large quantities of cold air because 
they don't allow the mixing of low and high air layers, even during periods of wind or clouds. 

Frost damage in the late spring or early fall affected by the blocking of cold air can reduce crop 
yields, especially that of thermophilic plants (e.g. orchards and vineyards) [12]. The cold air flow, 
as well as the cold air concentration can also have negative effects, depending on the kind of the 
affected land use [13]. 

If mounds (small hills) which are natural obstacles for cold air are opened and graded, they will 
free the cold air flow, which would be dangerous for crops relying on heat. The results will either be 
the reduction of the cultivation growth or destruction of cultivation. 

The surfaces where damage due to frost is expected are gradually assessed. 

e The intersection, D, of the surfaces "influence of embankments on the flow of cold air" 
(indication A in the flow diagram) with the surfaces "cold air sources" (indication B in the 
flowchart), i.e. D=ANV gives the deteriorating surfaces due to "cold air flow obstruction". 

e The intersection, D, of the surfaces "sensitive to frost crop cultivations" (i.e., orchards, 
vineyards, vegetable crop cultivations) selected from the "remaining agricultural land surfaces" 
(indication A in the flow diagram), with the degraded surfaces due to "cold of flow air 
obstruction" (previous result denoted with B in the flow chart), i.e. D = AAB gives the surfaces 
of "frost damage due to the embankment". 


3.2 Contamination of agricultural products and transfer through the food chain. 


Near roads, the pollutants from the vehicle exhaust are diffused into the atmosphere and straddle in 
the form of sediments on the leaf surfaces. The larger part of the precipitate is washed by rain and is 
transferred to soil [14]. The green plants collect contaminants through their leaves and roots. Any 
accumulation of contaminants in the soil brings about harmful effects, especially in the plant 
generation following the first infected (i.e. crop cultivation cycle). The accumulation of 
contaminants will increase and they will pass on the food chain. 

Contamination of pastures is considered as a special case. The grass that grows there is used as 
cattle feed over several years. In this way the pollutants can accumulate in the meat of cattle, which 
in the end reach a high degree of concentration that can be harmful to health [15]. 

The concentration of soil contamination is dangerous (either for agricultural products, or 
fodder) in a zone from the pavement edge having a width depending on traffic volume, speed and 
traffic composition, the wind speed and its direction relative to the road axis and the topographical 
factors. The alignment software calculates the risky areas, "contaminated surfaces", based on the 
traffic volume, or on the traffic volume and the wind direction (indication A in the flow diagram). 

e The intersection, D, of "remaining agricultural surfaces" (indication B in the flow chart) with 
"contaminated surfaces", namely: D = AOB gives the surface "Contaminated rural areas" 
where degradation of agricultural products is expected. 

e The intersection, D, of "remaining meadow surfaces" (indication B in the flow chart) with "the 
contaminated surfaces", namely: D = AOB gives the surface "contaminated pasture lands" 
which is separately presented as "animal feed contamination". 
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4. CONCLUSIONS 


A rural road network is under ambiguity owing to various reasons. The presence of the network and 
its traffic flows offer access possibilities and they contribute in the economic growth, while on the 
other hand they cause fragmentation. 

Rural roads accelerate deforestation through the expansion of agricultural land and the 
increased commercial exploitation of resources. Intensified production may lead to soil degradation 
and erosion as well as pollution from fertilizers and pesticides. Poor road design may lead to 
flooding and other types of environmental damage. 

The construction of artificial structures, such as road embankments, may cause changes in the 
temperature and airflows in an area thus leading to damages, reduced crop yields, or even a more 
general reduction of the quality of the land surrounding the road. 

The effects of a rural road on its surroundings must be properly quantified in order to undertake 
effective mitigation measures aiming to enhance the reduction of fragmentation impacts. To achieve 
such a goal, several methods are available, either focusing on the road or on the traffic. The 
proposed system of software subroutines may assist engineers in selecting a rural road alignment 
which avoids the majority of negative impacts on the environment of the crossed areas. The 
software logic which is based on loss of contaminated surfaces gives a quantitative criterion to the 
road planning and design process. 
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Abstract 


Introducing risk analysis in decision making on environmental impacts of actions in water 
management can be a decisive issue for the design of project alternatives. This paper explores the 
benefits of using the risk assessment/analysis technique in the evaluation of FMM by examining the 
results of the EIA for a selected planned FMM in Slovakia. The aim is to improve transparency and 
minimize subjectivity in the EIA process specifically in the projects of FMM proposal. This 
methodology is intended to streamline the process of environmental impact assessment of 
constructions in the field of the water management. It is expected that EIA will continue to act as an 
effective tool to prevent the application of investments in Slovakia which by their degree of 
environmental damage many times outweigh their benefits. In some cases, EIA is understood only 
as a "mirror" to comply with legal or technical standards, which is not sufficient for modern 
environmental planning. The assessment process should take into account the emotions and feelings 
of the public, stress factors, fear of risk and criteria reducing the quality of life. Generally, we can 
say that impact assessment in Slovakia is still based on professional principles, as is evidenced by 
EIA documentation on a standard or even high level. The weaknesses of the EIA process lie in the 
methods used within EIAs. The challenge for environmental research is to improve the guidance 
provided for impact analyses so as to encourage good practice within EIAs, and to eventually 
strengthen the consideration of environmental issues in the decision-making concerning new 
projects. To this end, the application of risk analysis to EIA has been chosen as the subject of this 
research. The work points out the possibility of improving existing methods of assessing the 
impacts of proposed activities by applying risk analysis in assessing the impact of water structures 
on the environment. Utilizing the methods of risk analysis to assess the impact of activities on the 
environment and human health is an original proposal. 


Keywords: environmental impact assessment (EIA); flood protection; risk analysis (RA); decision 
making 


1. INTRODUCTION 


In the European Region, floods are the most common disasters, causing extensive damage and 
disruption. Flood mitigation measures are being undertaken throughout the centuries to reduce flood 
damages and losses. Experience with the implementation of the Law on Environmental Impact 
Assessment confirmed that the technical and urban development of country must go hand in hand 
from the beginning with knowledge of how much influence new activity will have in a particular 
area, and how potential negative impact on the environment will be minimized [1.2]. 

The environmental effects of development can be difficult to predict. Predictions must often be 
made when there is still uncertainty about outcomes, be they negative or positive. Because EIA is a 
predictive tool it deals with uncertainty and risk. EIA is information and knowledge dependent - 
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knowledge about environmental values that may be at risk from proposed development, knowledge 
about the nature, extent and duration of risks to which those environmental values may be exposed, 
knowledge about what can be done to prevent, avoid or mitigate those risks and identify 
opportunities, and knowledge about whether those identified risks were indeed controlled. It is 
tension about how much information and knowledge is necessary to have confidence in predictions 
about impacts that is at the heart of EIA [3]. Risk assessment and EIA are similar in concept as they 
both deal with the prediction of the future impacts or consequences arising from proposals and 
uncertainties. about the exact nature, probability, frequency and magnitude of impact or 
consequences. Both seek to inform the decision making process about the significance of detri- 
mental impacts and the appropriateness of risk treatments or mitigation measures. The European 
Union has encouraged its members to apply risk assessment in EIA, particularly to extreme events 
but very little specific guidance is available on how to apply risk assessment in EIA [4]. 

The paper introduces the environmental impact assessment process in Slovakia and involvement 
of risk analysis in environmental impact assessment. Risk analysis is an appropriate tool to determine 
the level of the risk of the proposed flood mitigation measures and through which it is possible to 
choose the alternative with the lowest level of risk for the environment. The objective of the paper is 
to propose a methodology for assessing environmental impact of flood protection objects. It offers 
some recommendations and conclusions with the aim of providing valuable insights for decision 
makers, planners and policy makers for the improvement of the EIA practice. 


2. MATERIALS AND METHODS 


2.1 Establishing the context 
The proposed methodology is as follows. 


e Characteristics of the current state of the environment in the affected area 

As the primary step it is important to know the characteristics of the current state of the 
environment. 

e Explanation of the reasons why the proposed activity is required in the locality 

It is necessary to increase the flood protection of the inhabitants and environment in the village. 
Increasing the flood protection can be achieved by various measures, ranging from less effective 
measures of increasing the retention capacity and erosion control of the landscape to highly 
effective technical flood protection objects. The purpose of the proposed action — flood protection 
measure — is regulation of drainage conditions in order to improve flood protection. 

e Brief description of alternatives of the proposed activity Aj (Ao, Ar, Am) 

Consideration of potential alternatives in the EIA process is one of the most critical elements of 
the scoping phase. Its importance is highlighted by [5] and by the Council of Environmental Quality 
in the United States, which describes the consideration of alternatives as the ‘heart’ of EIA [6]. By 
implication, alternatives are essential to the EIA process, yet they are often inadequately handled. It 
is not uncommon to find that feasible alternatives are omitted deliberately or that alternatives 
proposed by stakeholders are rejected without adequate justification. Consideration of alternatives is 
one of the most critical elements of the environmental assessment process. Its role is to provide a 
framework for sound decision-making based on the principles of sustainable development. 


2.2 Identification of impacts 

The aim of this step for the purposes of impact assessment of the proposed activity on the 
environment is to identify sources of risk areas and their impact on the various components of the 
environment, including inhabitants. The proposed identification of the environmental impacts of 
stressors is based on the modified method of risk analysis - UMRA (universal matrix of risk 
analysis). 
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e Identification of sources of risk - stressors 

Potential stressors associated with the proposed activities in the field of water management 
have been systematically identified through a series of studied references, consultation with experts 
and expert estimation. The main objective of this task was to identify pollutants or activities that 
may alter the natural environment as a result of the planned activities. Designated stressors 
associated with the above-mentioned issues are proposed in Figure 3. 
e Definition of areas of impact 

In accordance with established practice of EIA, the impact of stressors is assessed and 
subsequent risk analysis is carried out for these environmental components: population, rocks and 
minerals, geodynamic phenomena and geomorphological conditions, climatic conditions, air and 
water conditions, soil, flora, fauna and their habitats; country - the structure and land use, landscape 
character, protected areas and their buffer zones; territorial system of ecological stability; urban 
environment and land use, cultural and historical heritage, cultural and historical values, 
archaeological and paleontological sites and important geological sites and other effects. 
e Identification of the environmental impacts of stressors using UMRA 

One approach to identify potential risks to the environment (stressor effects on components of 
the environment) is to use a template for UMRA of the proposed activities related to water 
management, which is proposed in Figure 1. Records are made by marking the box in which the 
potential risk occurs and then through detailed characteristics. 


3. RESULTS AND DISCUSSION 


The risk analysis according to the proposed methodology consists of three activities: identification, 
prediction and evaluation of impacts. 


3.1 Prediction of impacts 
Prediction of impacts is based on the fact that there is a relationship between the proposed activity 
and the environment. These relationships can be described as a string of probabilities and 
consequences of stressor on environmental components. 

To predict effects it is necessary to propose a set of criteria that reflect the impact of each 
proposed activity on the environment. 
e Determination of probabilities 

Probability is expressed as the possibility of adverse effects from exposure to stressors on 
environmental components. To determine the value of the probability "P;" of adverse effects as a 
result of exposure to the stressors impacts on various components of the environment, four levels of 
probability were chosen as shown in Figure 1. 
e Determination of consequences 

Impact occurs after exposure to a negative stressor on the individual components of the 
environment. The consequences of the adverse impact of the stressor must be examined at different 
levels. For example, damage to human health is usually considered at the individual level, but 
environmental damage is usually considered at the level of populations, species or communities. 
Four levels of stressor exposure to various components of the environment were chosen for 
determining the value of the consequence of *C;", as shown in Figure 1. 
Four levels of probability and consequence were proposed based on the literature studied, such as 
by [7] or [8]. 

The assessment of consequence defines a negative impact. For qualitative risk assessment 
impact is frequently expressed in the following terms: negligible, low, medium or high. 

In Figure 3 is a schematic representation of processing of stressors that have impacts on 
components of the environment during the activity — construction of flood protection object. All 
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stressors and their brief description are listed in the Catalogue of Stressors, as well as a schematic 
example of the determination of indicators and criteria for the probabilities and the consequences. 
The Catalogue of Stressors was created based on the authors' proposal, and it reflects consultations 
with experts and professionals in the field of water management and environment protection. 

Based on the proposed Catalogue of Stressors [1], for each of the assessed variants of the 
proposed activity of flood protection the probability P; and consequence Cj is stated as is expressed 
in Figure 1. 


3.2 Evaluation of impacts 

Evaluation of potential impacts of the activity on the environment is the most important step in the 
EIA process. The aim is to define which environmental changes may result from the proposed 
activity and to assess the significance of these changes. For the purpose of the proposed action 
assessment, it is important to determine the level of risk which arises from the action of each 
stressor on the individual components of the environment as a consequence of the activity. 


e Calculation of risk R; 

For evaluation of impacts the calculation of individual risk R; is required, which is done using 
the following equation (1): 

Ri = Pix Ci (1) 

where 
R; is individual risk of each stressor impact on the component of the environment, 
P; is probability, 
C; is consequence. 

Risks R; are calculated individually for each stressor which has an impact on the components of 
the environment for each considered variant for determination of risk index ZR}. 


e Characteristics and estimation of the level of individual risks 

In its simplest qualitative form, is possible the relationship between risk and its parameters 
illustrated using a simple matrix (see Figure 1.). With the increasing level of risk (hazard ratio) 
increases the risk significance. 

A similar approach uses the semi-quantitative analytical tool. The calculated risk of each 
individual risk is then classified into one of the matrices of risk analysis, and thus the level of risk is 
estimated. 

The objective of this risk matrix is to provide guidance to characterize the relationship between 
probabilities and consequences of individual risks. Assessments of probability and consequence are 
combined in order to set the risk of individual stressors to environmental components. The risk 
matrix is a tool for obtaining a risk assessment of the proposed activity on the environment. 


4. CONCLUSIONS 

Environmental quality is the condition for the existence of everyone's life. Its developments are 
affected by all of its natural compounds and ecosystems. Their status is currently changing not only 
on local and regional but on a global scale as well. We may say that the quality of the environment 
is improving thanks to the environmental infrastructure. These include also the construction of flood 
mitigation measures in existing or potential flood risk areas, also in Slovakia. 

Risk analysis is a formal methodology to marry up available technical information and 
stakeholder values to support decision making in many fields, and can be especially valuable in 
environmental decision making. 
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Table: UMRA for identification the environmental impacts of stressors 
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Table: Probability and consequence the impact of emissions on the population 
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Figure: Structure catalogue of stressors 


Indicators and criteria 


probabilitie 
and consequences (C) 


Catalogue 


of stressors 


s(P,) 


Stressor 


The impact of the stressor on the part of the environment 


05 


Unit of meosure: 
Source: 
P, Indicator of probability [^ 


Unit 


Field of impact 


Criteria of 05 


probability 


— 


Indicator of consequence 


— meosure: 


Criteria of 
consequence 
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Figure 3. Structure methodology part of B stage: risk analysis and examples application part 


A risk-based approach has the potential for a number of advantages including (EPA, 2009): 
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Table: Estimation of the level of risk 
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e greater transparency in decision-making processes; 
e support for informed, consistent and defensible decision-making; 
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e consistent with the precautionary principle; 
e more systematic approach to evaluating the magnitude of environmental impacts 
e  prioritises the environmental impacts of concern, the application of management and controls 
and the focus of audit programmes; 
e improves environmental accountability of proponents; 
e provides an effective basis for the engagement of key stakeholders to influence environmental 
outcomes; 
e provides a sound basis for the development of targeted research and development programmes. 
Risk-based approaches should be used to inform key stages of the environmental impact 
assessment process: 
e scoping of the proposal at or following referral, 
e evaluation of impacts and design of mitigation measures by the proponent, 
e assessment of impacts arising from the proposal, 
e assessment of proposed mitigation measures. 
Within each of these phases, risk analyses and evaluations of environmental risks should be 
conducted at an increasing level of detail as a proposal proceeds through the process. 
Introducing risk analysis in decision making on environmental impacts of actions in water 
management can be a decisive issue for the design of project alternatives. 
Currently, the identification of key issues, the determination of the acceptability of impacts and the 
appropriate management response according to a scale of impact in the EIA process is not 
systematic, consistent or transparent in most instances. The current process rightly involves 
judgements on these matters but they are not always well documented or transparent. Risk 
assessment in EIA has often been restricted to human health and safety risk assessments with little 
application to ecosystem impacts. The risk-based approach provides systematic consideration of the 
probabilities and significance of potential environmental impacts and a transparent approach to 
addressing these matters. Depending on how it is applied, it can also provide an opportunity for 
stakeholders and regulators to participate in the process to determine levels of impact significance, 
acceptability and mitigation (EPA, 2009). 
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Abstract 


To evaluate the heavy metal contamination and investigate the sources ofCd, Pb, Cr, Co, Zn and N 
in soils around a Pb-Zn mine at Lavrion peninsula, Attiki, Greece, 45 representative soil samples 
were collected from two depths (A: topsoil and B: subsoil). Metal fractionation was obtained 
following a 4-step sequential extraction scheme and the following fractions were collected for each 
sample: the acid soluble (1%, the reducible (24), the oxidisable (35, and the residual (4) one. AII 
soil samples contained elevated concentrations of Cd, Pb and Zn. Cr (~85%), Ni (~70%) and Zn 
(~52%) were mainly found at 4" fraction. Pb (~64%) and Cd (~40%) were found at the 2" fraction, 
Co was found at 2™ (A: 34%) and 4" fraction (B: 31%). Multivariate analysis suggested that Zn, Cd 
and Pb originated from anthropogenic sources, mostly as a result of historical Zn and Pb mining and 
smelting, while Co, Ni, and Cr were associated with parent rock and therefore had natural sources 


Keywords: anthropogenic contamination; heavy metals; sequential extraction; mining; Lavrion 


1. INTRODUCTION 


The accumulation of metals in soils may be of natural origin or related to human activity. Many 
recent studies have focused on the characterisation of metal contamination in soils near to 
metallurgical industrial sites, whether previously or currently active [1,2]. Anthropogenic activities, 
such as mining and smelting of metal ores, have increased the prevalence and occurrence of heavy 
metal contamination at the Earth's surface [3]. Knowledge of metal partitioning in soils, allows 
better understanding of metal behavior as opposed to studies of total metal concentrations, which 
provide limited information on the mobility and bioavailability of the metals of interest. Sequential 
chemical extractions are based on a series of successively aggressive reagents to extract metals 
associated with specific fractions of soils [4,5,6,7], thus allowing discrimination among the different 
sources of element concentrations in samples. The objectives of this research were (1) to determine 
the chemical partitioning of Pb, Zn, Cd, Co, Cr and Ni using a modified BCR sequential extraction 
procedure, (ii) to determine the source of the metals in the area surrounding the mine, and (iii) to 
assess and evaluate the environmental risk associated with heavy metal pollution in soils from the 
studied area. 
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2. MATERIALS AND METHODS 


2.1 Study area 

Lavrion is located in the southeastern part of Attica, about 60 
kilometers from Athens, Greece and is known worldwide as 
one of the oldest mines. Ancient Greeks exploited Lavrion 
ores from 3500 BC, to produce mainly silver and lead. The 
primary ore of Lavrion peninsula comprises of two groups: 
an iron-manganese ore which is generally limited, and mixed 
sulphides ores which were intensively exploited, 
characterized by the presence of galena (PbS) rich in silver, 
sphalerite (ZnS) and pyrite (FeS2). The revival of mining and 
smelting activities at Lavrion took place in 1860, when 
ancient mining areas were brought to light and the use of slag 
was proposed. Until 1989, where these activities were 
officially stopped, the extensive exploitation of mineral ores 
resulted in high contamination of the area with heavy metals. 


2.2 Soil sampling and analytical methods 

Soil samples from 45 sites of Lavrion peninsula (Figure 1) 
were taken from two depths: topsoil (0 - 10 cm; A) and 
subsoil (10 - 30 cm; B). In the laboratory, all samples were 
air dried and sieved to pass through a 2mm mesh. The 
physicochemical properties of the soil samples were 
determined by means of standard methods. PH and Eh were Figure 1. Location of sampling 
determined, organic matter content by the Walkley—Black points on Lavrion peninsula 
method, CaCO; content using a Bernard calcimeter [8] while 

particle-size distribution was based on Stokes' Law standard procedure. For the fractionation of 
heavy metals an optimised BCR procedure was followed (Table 1) [9]. Each extraction step was 
performed in triplicate, starting with 1 g of sample. All reagents were of analytical grade quality. 
Concentrations were determined using Atomic Absorption Spectroscopy. 


Table 1. Reagents and conditions employed for the modified BCR sequential extraction procedure. 


Step Fraction Reagent & conditions 
1 g of air-dried soil + 40mL 0.11 mol E CHCOOH, shaken 16 h at room 
temperature, centrifuged at 3000 rpm for 20 min. The residue was washed by 


! BOP rv adding 20 ml of distilled water, shaken for 15 min & centrifuged for 20 min at 
3000 rpm. 
=I = 
2 Reducible Residue + 40mL 0.5 mol L NH;OH-HCI, pH=1.5, shaken 16 h at room 


temperature, centrifuged at 3000 rpm for 20 min. Residue washing as in step 1 
Residue digested with 10mL 8.8 mol LE H5O», 1 h at room temperature, 1 h at 
85 °C in a water bath and reduced to 2-3 mL. Then 10 mL 8.8 mol L! H20, 
3 Oxidisable added, 1 h at 85 °C in a water bath and reduced to 2-3 mL, 50 mL of 1 mol L”! 
NH,COOCH; was further added, shaken 16 h at room temperature, centrifuged 
at 3000 rpm for 20 min. Residue washing as in step 1. 

P unm Residue + 7 mL 12 mol L ! HCl, 2.3 mL 16 mol L” HNO;, 16 h at room 


temperature, 2 h gentle reflux, cool, filtered through Whatman 540. 


588 13^ International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


2.3 Statistical analysis 

Factor Analysis (FA) and Hierarchical Cluster Analysis (HCA) are powerful tools for segregating 
sources contributing to observed pollution [10,11]. FA was performed by evaluation of principal 
components and computing the eigenvectors higher than 1 (Kaiser Criterion). Afterwards, Varimax 
rotation was applied because orthogonal rotation minimizes the number of variables with a high 
loading on each component and facilitates the interpretation of results. In this case, the result of the 
KMO and Bartlett test suggested that PCA was suitable for analysis of the data set. Correlation 
matrix (CM) was used to identify the relationship between heavy metal contents. 

HCA was applied to identify different geochemical groups, clustering the samples with a 
similar heavy metal content. Ward's algorithmic method of agglomeration and squared Euclidean 
distance as the measurement of similarity were used. Results are shown in a dendrogram where 
steps in the hierarchical clustering solution and values of the distances between clusters are 
represented [12]. Correlations between parameters, FA and HCA were applied using SPSS 11.0 
statistical computer program. 


3. RESULTS AND DISCUSSION 


3.1 Soil properties 

At 40 samples out of 45 collected from depth A, the pH was found to range from 7.4-8.2 reflecting 
alkaline conditions. Eh ranged from 167-320 mV, suggesting aerobic conditions, in which the 
metals are usually in the form of cations. Organic matter content ranged from 1.7-13.7%, while 
CaCO; content ranged from 0.2-39.5%. The majority of samples at depth A presented sandy-loam 
soil texture. Regarding physicochemical properties of depth B, pH ranged from 6.6-8.3 with 43 
samples to be characterized by alkaline conditions; Eh conditions were the same as in depth A and 
organic matter ranged from 0.6-9.7%. CaCO; content ranged from 0.1-42.6%. The majority of the 
samples at depth B presented sandy-loam and sandy-clay-loam soil texture. 


32 Geochemical forms of metals in soil 

Ni - At depth A the majority of the Ni was in the residual soil fraction with 69% of the total, 
probably because it exists in the silicates. According to Sposito [13], this may happen because of 
the presence of Ni as isomorphous substitutions of Fe and AI in the spinel group of minerals or as 
inclusions in silicate networks of smectite and illite. It should be noted that Anju and Banerjee [14] 
at Rajasthan, India and Forghani et al [15] at Central Iran have also pointed the presence of Ni in 
the residual phase of soils from Pb-Zn mining districts. The reducible and the oxidisable fraction 
represented 14% and 1396 of the total content, respectively. The acid exchangeable fraction 
adsorbed only the 4% of the total. Similar metal distribution at the four different fractions was 
found at depth B (4^: 71%, 2™: 15%, 3*: 10% 1*: 4%). According to the geology of the area, the 
presence of ophiolites and mafic parts of the shales of the parent rock may be responsible for the Ni 
concentrations. Also, Ni exists to ZnS, PbS [16]. Total concentrations Ni at depth A and B ranged 
from 8.0- 646.9 mg kg"! and 31.1- 539.7 mg kg" respectively. 

Cr - A significant fraction of Cr was linked to the residual soil fraction, reaching 86% and 85% 
at each depth. Similar results have shown that Cr is mainly present in the residual phase of soils, 
because Cr replaces Fe*tand Al"in silicate minerals, especially clays [17]. The rest of the 
fractions at both depths varied from 496 to 596 of the total at each fraction. Like Ni, Cr is also 
indicated to have geogenic origin. Total concentrations of Cr at depth A and B ranged from 13.7 — 
242.1 mg kg and 15.8- 267.2 mg kg" respectively. 

Co - At depth A, Co was adsorbed in both the reducible (34%) and the residual (31%) fraction. 
This may be explained by the strong affinity of Co with Mn-oxides [18,19]. The oxidisable fraction 
followed with 22% and the acid extractable with 11%. At depth B, Co was also absorbed mainly in 
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the reducible (30%) and in the residual (31%) fraction, while the percentage of the oxidisable fraction 
increased to 26% of the total. The acid extractable represented the 12% of the total Co at depth B. The 
major ore deposits of Co occur as sulfides [20]. Therefore, the mineralization of mixed sulphides of 
the region explains the presence of Co. Total concentrations of Co at depth A and B ranged from 
Non-Detectable (ND) values to 45.8 mg kg! and ND to 60.9 mg kg! respectively. 

Zn - Like Ni and Cr, most of the Zn was associated with the residual fraction of the soils, 
ranging from 50% - 54% at each depth. The reducible fraction absorbed the 28% and 24% of the 
total Zn at each depth, due to its affinity to oxy-hydroxides, especially in alkaline conditions [21], 
as in studied soils. At depth A, the acid extractable fraction represented the 1246 and the oxidisable 
fraction the 10% of total Zn. As regards the distribution of fractions in depth B, the 1* and 3" 
fraction were similar as in depth A, with mean percentages up to 10% and 12% respectively. 
Sphalerite (ZnS) is a sulphide ore in which Zn content can reach up to 67.1 96 and is widely present 
in Lavrion peninsula. Total concentrations of Zn at depths A and B ranged from 69.0 - 38100.5 mg 
kg ! and 58.4 - 55031 mg kg’ respectively. 

Cd - The highest content of Cd was associated with the reducible fraction, at depth A 41% and 
at depth B 38%. Cd was also present in significant amounts in acid extractable fraction, 
representing the 36% of the total at both depths. In a similar study, at Mae Sot District area in 
Thailand where a Zn mine was operated for over three decades, it was found 100.9 mg kg" of Cd in 
acid extractable fraction of BCR, while at reducible fraction Cd reached 114.9 mg kg" [22]. In soils 
whose pH is greater than 7.5 (the studied soils pH ranged between 6.5 - 8.3), Fe hydroxides are 
suitable sites for absorption of Cd [23]. The oxidisable and the residual fraction represented at depth 
A the 10% and 13% and at depth B the 13% and 12% of the total Cd, respectively. The amount of 
total Cd ranged from 1.9 to 194.1 mg kg“ at depth A and from 0.3 - 219.2 mg kg’ at depth B. 
Therefore, significant Cd concentrations are expected, because Cd is obtained as by-product of 
smelting of ZnS, in which it has been substituted for some of Zn and no ores are used primarily as 
source of Cd [24]. 

Pb - Most of Pb amount was associated with the reducible fraction of the soils, representing the 
63% at depth A and the 65% at depth B of the total; this finding is in agreement with the results of 
similar studies on mining and smelting areas [25,26]. Fe-Mn oxy-hydroxides are important 
scavengers of metals in soils, particularly at pH > 7 [27] as in the studied soils. Pb was also present in 
the oxidisable fraction with 19% and 17% of the total extracted, at depth A and B respectively. The 
amount extracted from residual fraction represented the 14% and 16% at each depth, may be due to 
PbS that is present at the parent rock. The proportion of Pb related to acid extractable fraction was not 
significant and reached 5% of the total extracted in both depths. Total concentration at depth A ranged 
from 65.2 to 41606.9 mg kg ! and at depth B from 87.2 to 99812.7 mg kg“. 


Table 2. Metal concentrations (mg kg’) in each fraction of modified BCR in soil samples at two depths 


Acid extractable Reducible Oxidisable Residual 

NiA ND - 34.9 ND - 104.0 ND - 48.8 3.3 — 500.1 
NiB ND - 23.8 ND- 115.1 ND - 51.7 20.5 — 357.3 
CrA ND - 13.6 ND - 19.8 1.0- 18.8 7.9 — 208.5 
CrB ND - 13.5 0.3- 13.4 1.2 - 30.1 12.8 — 245.9 
CoA ND- 11.3 ND - 28.5 ND - 27 ND - 29.6 
CoB ND- 16.8 ND - 29.6 ND - 302 ND - 30.7 
ZnA ND - 13560 8 - 31920 4.7 - 3620 54 - 4659 
ZnB ND - 17040 0.7 - 17040 2.9 - 19800 42.7 - 4584 
CdA ND - 77.7 ND - 60.2 ND - 46.9 ND - 17.0 
CdB ND - 112 ND - 54.0 ND - 41.5 ND - 28.1 
PbA ND - 4518.4 10.8 - 22820 ND - 9390.5 ND - 4132.5 
PbB ND - 11000 30.7 - 37352 ND - 46370 ND - 5090.7 

3.3 Assessment of potential environmental risk 
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In order to estimate the environmental risk associated with heavy metal pollution in the study area, 
the soil samples were classified according to a risk assessment code (RAC) [28] (table 3). RAC is 
defined as the percentage, of the ratio of the FI fraction (metal associated with exchangeable and 
carbonate fraction) to the total concentration of elements in the soil and a risk scale based on RAC 
has been proposed by Rodríguez et al. (2009) [28]. 


3.4 Factor analysis 

Topsoil - The correlation matrix between the total contents of six heavy metals in 45 samples is 
reported in Table 4. Zn is correlated with Cd (loading 0.798) and with Pb (loading 0.723). Also Cd 
is correlated with Pb (loading 0.777) and a weak correlation exist between Ni and Cr (0.559). 

FA was used to identify the factors that affect the presence of heavy metals in soil. FA for the 
depth A exported three factors (Table 5). The first factor (F1), explaining 45.1% of total variance, 
defined Zn (0.917), Cd (0.925) and Pb (0.897) as positively related. It is suggested that these three 
elements were affected by anthropologic activities. The second factor (F2), explaining 23.2% of total 
variance, revealed a group with high positive loading composed by Ni (0.888) and Cr (0.865). Third 
factor (F3), which describes 16.796 of variance, represented a high positive factor loading of 0.995. 


Table 3. The result of risk assessment code for soil samples of the study area. 


No risk Low risk Medium risk High risk Very high risk 
<1% RAC 1-10% RAC 11-30% RAC 31-50% RAC >50% RAC 
NiA 8 25 4 - - 
NiB 9 27 5 - - 
CrA 3 15 - - - 
CrB 1 15 1 - - 
CoA - - - - - 
CoB - - - - - 
ZnA 1 23 14 3 1 
ZnB 1 15 12 10 - 
CdA 1 2 11 25 2 
CdB - 1 15 19 3 
PbA 4 32 - 4 - 
PbB 3 33 - 3 - 


Table 4. Correlation matrix between heavy metals of the collected samples of topsoil. 


ZnA CdA PbA CoA NiA CrA 
ZnA 1.000 
CdA 0.798 1.000 
PbA 0.723 0.777 1.000 
CoA -0.015 0.059 0.070 1.000 
NiA 0.083 0.173 0.150 0.076 1.000 
CrA 0.219 0.235 0.218 -0.008 0.559 1.000 


The dominated by Zn, Cd and Pb F1 explains the greatest amount of variance and is interpreted 
by ancient and recent extensive mining and smelting that prevailed in the region. Mining and 
smelting of galena (PbS) and sphalerite (ZnS) resulted in the intense presence of Pb and Zn. Also 
the association between Cd and Zn is expected, as demonstrated in correlation matrix table (Table 
4); Cd is obtained as by-product of the smelting of ZnS, in which it substitutes for some of Zn [22] 
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Table 5. Factor loadings of each variable, variance, explained and cumulate variance of the 
principal components of topsoil. Values in bold represent factor loadings values higher than 0.5 


element F1 F2 F3 

ZnA 0.917 0.059 -0.057 

CdA 0.925 0.127 0.040 

PbA 0.897 0.106 0.062 

CoA 0.025 0.020 0.995 

NiA 0.040 0.888 0.091 

CrA 0.165 0.865 -0.066 
Variance 96 45.1 23.2 16.7 
Cumulative 96 65.2 


because Cd is closely related with Zn in its geochemistry; both elements have similar ionic 
structures and electronegativities. Therefore, F1 refers to metals involved exclusively in the mining 
and smelting at Lavrion peninsula and can be defined as an anthropogenic component. F2 includes 
Ni and Cr, and could be considered as a natural component, because the presence of these heavy 
metals is related to ophiolites and to the mafic parts of the shales of the parent rock of the area. F3 
explains only the presence of Co at depth A. This probably occurs due to the heterogeneous 
distribution of Co in the soil at depth A. As discussed in the geochemical analysis, it is not clear in 
which fraction Co is concentrated, since reducible fraction absorbed 34% of total Co and the 
residual one 32%. To identify the possible interpretation of this factor, further statistical analysis 
with Hierarchical Cluster Analysis tool was conducted as it follows. 

Subsoil — The correlation matrix between the six heavy metals for depth B is reported in Table 
6. The pairs of metals presented were the same as for the depth A, but with higher loadings 
reflecting stronger correlations. 


Table 6. Correlation matrix between heavy metals of the collected samples of subsoil. 


ZnB CdB PbB CoB NiB CrB 
ZnB 1.000 
CdB 0.959 1.000 
PbB 0.828 0.839 1.000 
CoB 0.157 0.105 -0.031 1.000 
NiB -0.026 -0.068 -0.029 0.429 1.000 
CrB 0.164 0.072 0.095 0.419 0.616 1.000 


FA for the depth B exported two factors interpreting the 79.2% of the total variance of the 


variables (Table 6). Thus, F1 explained 46.5% of the total variance and is dominated by Zn, Cd and 
Pb with factor loadings 0.970, 0.975 and 0.924, respectively. F2 explained 32.796 of the total 
variance and is dominated by Co, Ni and Cr with factor loadings 0.734, 0.854 and 0.844, 
respectively. Consequently, it seems that the metal associations at depth B were more defined, 
especially for lithogenic metals. More specifically, Fl was composed by the same metals as in 
depth A, suggesting their anthropogenic source. However, F2 at depth B included Co along with Ni 
and Cr and probably suggests their lithogenic origin. 
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Table 7. Factor loadings of each variable, variance, explained and cumulate variance of the 
principal components of subsoil. Values in bold represent factor loadings values higher than 0.5. 


element F1 F2 
ZnB 0.970 0.094 
CdB 0.975 0.015 
PbB 0.924 -0.012 
CoB 0.067 0.734 
NiB -0.089 0.854 
CrB 0.093 0.844 
Variance% 46.5 32.7 
Cumulative % 79.2 


3.5 Cluster analysis 

Topsoil - HCA was applied in order to confirm FA results. Two main groups were displayed for the 
depth A (Figure 2). The first group included the strongest cluster Zn-Cd, while Pb was related into 
this branch afterwards, implying perhaps a common source. The second group included a cluster of 
Ni-Cr, while Co is weakly related with the latter cluster (a long distance was recorded). 

Regarding results of HCA for depth B, Figure 3 presents the association between groups of 
variables. The first group concerning the anthropogenic elements, included the same association as 
in depth A. The only difference between the two depths was the shorter distance of Co where joins 
the second group. 
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Figure 2. Dendrogram derived from the HCA of heavy metals content in analyzed soils at depth A. 
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Figure 3. Dendrogram derived from the HCA of heavy metals content in analyzed soils at depth A. 


13^ International Conference on Protection and Restoration of the Environment 593 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


4. CONCLUSIONS 


Results suggested that Co, Ni, and Cr originated from natural sources, while Zn Cd and Pb were 
mainly affected by anthropogenic sources. Mineralization of the parent rock of Lavrion peninsula 
consisted of ZnS and PbS, thus the intensive mining and smelting from ancient years up to recent 
past resulted in high levels of Zn Cd and Pb, which were detected in the entire area, with almost all 
the samples to exceed the maximum tolerable concentrations. The presence of ophiolites and mafic 
parts of the parent rock's shales are probably responsible for high Ni concentrations observed in 
several soil samples. Cr and Co are considered to have also lithogenic origin, although their 
mobility is limited. Cd is considered to be a serious environmental risk, while for Zn is medium 
risk, for Ni, Cr and Pb the risk is mostly low and there is no risk at all for Co. 
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Abstract 


Many research works and studies have been carried out so far worldwide to investigate the effect of 
Olive Mill Wastes (OMW) disposal on soil, focusing mainly on the upper soil horizons (0-30 or/and 
0-60cm). The risk of substrate enrichment due to downward migration of constituents present in 
OMW has been rarely studied, although it poses a significant threat for soil, substrate and 
groundwater. In the framework of LIFE project PROSODOL LIFEO7 ENV/GR/280 “Strategies to 
improve and protect soil quality from the disposal of olive mill wastes in the Mediterranean region" 
which was implemented between 2009 and 2012 in Crete, Greece, ten drillholes up to 45 m depth 
were drilled at a pilot area in Crete, Greece, where three OMW disposal areas were located (two 
active and one inactive). It was revealed that the risk for ground soil degradation/contamination as 
well as for contaminant transport due to uncontrolled disposal of OMW is high, especially when 
soils are poor in clay and the substrate characteristics (e.g. soft fragmented limestone) favour 
downward migration. Although the obtained results are more pertinent for the disposal areas studied 
in the frame of PROSODOL, yet, they are indicative and descriptive of the degradation/ 
contamination risk that may be caused due to OMW disposal in other similar areas. As regards the 
four metals, Cu, Mn, Fe and Zn, it was observed that if the substrate favours downward migration, 
then Fe and Zn are very likely to be found in elevated concentrations in higher depths. On the 
contrary, Cu and Mn were found in low concentrations in all drilling sites. 


Keywords: olive mill waste; metals, soil migration; waste management 


1. INTRODUCTION 


Olive oil industry grows constantly in specific parts of the world. About 750 million olive trees are 
cultivated and approximately 2.95 million tons of olive oil is produced annually. Most olive oil 
(98%) is produced in the Mediterranean region, mainly between October and February. Olive oil 
production results in an annual generation of more than 30 million m^ of Olive Mill Wastes 
(OMW). For Mediterranean countries disposal of OMW, mainly if derived from 3-phase centrifugal 
systems, is considered a major environmental problem [1 ]. 

In 2009 the European Commission funded a 4-year demonstration LIFE project, entitled 
"Strategies to improve and protect soil quality from the disposal of olive mill wastes in the 
Mediterranean region" (PROSODOL), LIFE07 ENV/GR/000280, which was awarded “Best” LIFE 
project status in 2014. The project aimed to develop strategies for the protection of Mediterranean 
soils and water bodies from the disposal of OMW, demonstrate soil remediation methodologies as 
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well as develop and propose a legislative framework that could be adopted by the European Union 
(EU) Member States’ national frameworks. 

The experience gained through PROSODOL indicates that uncontrolled disposal of OMW 
increases substantially the risk of soil degradation [2]. For a period of two years several OMW 
disposal areas in Greece were monitored and the results were assessed in order to identify the 
effects on soil quality. It was revealed that almost all soil physical and chemical parameters are 
affected, some of them permanently. Moreover, and in order to assess the potential of deeper soil 
degradation, ten drillholes were drilled in Crete, Greece. The samples collected were analyzed for a 
series of parameters. In this study the potential of downward migration of four metals, namely Cu, 
Mn, Fe and Zn, in higher depths at OMW disposal areas is assessed and discussed. The novelty of 
this study is high, since so far only very limited publications are available on this issue in 
international literature [3]. 


2. MATERIALS AND METHODS 


2.1 Area under study 

The area under study belongs to the municipality of Rethymnon, Crete, Greece. Ten drillholes were 
drills near OMW disposal ponds in down-slope points (Map 1) in 2011; at an area of an old, 
inactive pond, which was covered with soil by the owner; at an area where only sludge from 
evaporation ponds is disposed; at an area near a river affected by the downward migration of OMW 
from an active disposal area; and at a control/unaffected area. Table 1 presents the coordinates of 
the drillholes as well as other useful information. 


Map 1. Overall view of the drilling sites (red marks). 


2.2. Samples collection and analyses 

Samples were collected at different depth intervals varying between 0.5-1.5 m. The samples were 
analyzed for a series of parameters [4], namely pH, electrical conductivity, organic matter, 
polyphenols, total Kjeldahl N, NH4', NO3, exch. Mg, PO,*, exch. K, exch. Ca, exch. Na, S047, Cl, 
B, Cu, Fe, Zn, Mn, Pb, Cr, Ni and Pb. Fe, Cu, Zn and Mn were extracted from soil samples with the 
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DTPA method (ISO 14870:2001), which allows the quantification of the available forms of metals. 
The determination of the metals in the extracts was performed using a VARIAN SPECTRAA 220 
Atomic Absorption Spectrometer according to the ISO 11047:1998 method. 


3. RESULTS AND DISCUSSION 


As it was deduced from the pilot activities and analyses carried out in the frame of PRSODOL 
project among the four metals, Fe and Cu are more likely to cause phytotoxic effects and long-term 
soil degradation at OMW disposal areas (measurements conducted at the upper 60 cm soil layer). In 
specific, the content of available Fe in pond soils and in the direct disposal sites reached very high 
levels, up to 360 mg/kg, across the soil profile suggesting potential risk for Fe contamination. Even 
at the inactive pond NF5, it seems that the long period of cease of OMW disposal, which exceeded 
10 years, was not sufficient to reduce the available Fe concentration in soils to normal levels. The 
results of this study confirm the fact that elevated content of polyphenols and other contaminants 
deteriorate soil properties and affect soil functions and are in agreement with results obtained in 
other recent studies [5-8]. 


Table 1. Details of drillholes drilled at the pilot area (referred to Map 1; A, B, and C points are 
located at the same disposal area, NF4. Similarly, points F, G H points are located at the 
same area, NF1). 


Drilling site, details Latitude Longitude Depth (m) 
A: NF4.7. Site between two ponds, accepts 35°18'34.37"N  24722'05.07"E 4.5 
often surface OMW disposal 

B: NF4.8. Site between two ponds, accepts 35°18'34.51"N — 24722'06.63"E 9.0 


often surface OMW disposal 
C: NF4.20. Site that is affected by two ponds, 35°18'34.44"N  24?722'07.50"E 45.0 
accepts often surface OMW disposal 


D: NFS. Site that is affected by the disposal of 35°18'34.02"N  24°22'10.25"E 6.0 
OMW from two ponds (slope 15%) 

E: RIVER. Site near a river in the pilot area. 35?18'32.44."N  24°22'18.17"E 40.0 
Potential pollution by two ponds 

F: NF1 Pond. Drillhole at 1m distance from the 35°12'22.02"N  24?32'6.98"E 42.0 


walls of a disposal pond 

G: NF1.1. Site 5m away from a disposal pond 35°19'16.84"N  24°24'45.24"E 51.5 
that is indirectly affected by OMW 

H: NF1 Sludge disposal. Site at which only 35?19'16.84"N 24°24'45.24"E 45.0 
sludge from a pond is disposed periodically 

Inactive Pond: Site at an inactive (for 4 years) 35°20'41.30"N  24°25'50.70"E 24.0 
evaporation pond. The pond has been covered 

with soil the last 4 years 

Control: Site not affected by the disposal of 35°18'16.10"N  24°22'06.93"E 5.0 
OMW. 


Results on available Cu indicated that potential toxic Cu concentrations can be found in both 
active (up to 21 mg/kg) and inactive (up to 18 mg/kg) pond soils, however very high Cu levels were 
only detected in a small percentage of the entire Cu dataset (5%). Long-term disposal of OMW in 
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evaporation ponds increases also the availability of Zn to high levels (up to 31mg/kg) in surface soil 
(0- 50cm), which are not considered toxic though. Regarding available Mn, there were cases in 
which increased Mn concentrations were measured. However, in some sites the high natural Mn 
content in soil was decreased after OMW disposal, mainly due to waste's acidity, which resulted in 
Mn solubilization from the soil fraction and parent rocks [9-10]. 

Figures 1-4 present the concentrations of Fe, Cu, Zn and Mn in the samples collected from all 
drilling sites. 
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Figure 1. DTPA-extractable Fe in the samples collected from the ten drillholes drilled in the pilot 
area in Crete, Greece. 
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3.1 Disposal area NF4 (drillings NF4.7, NF4.8, NF4.20) 

These three sites (Map 1 and Table 1) are affected by OMW disposal (a) directly, by surface 
disposal, and (b) indirectly, by subsurface OMW migration. From the four metals studied, Fe and 
Zn concentration was high (up to 100mg/kg and to 2mg/kg respectively). On the other hand, Cu is 
not considered as potential threat, although its concentrations in most samples were somehow 
higher compared to control samples. Nevertheless, leached Cu concentrations are very low and 
similar to Mn. Therefore, although the substrate's properties (soft fragmented limestone) in the 
study area allows downward migration of OMW, not all elements are likely to be found in high 
concentrations in high depths. This is also true for the four metals investigated in this study. 
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Figure 2. DTPA-extractable Cu in the samples collected from the ten drillholes 
drilled in the pilot area in Crete, Greece 
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3.2. Disposal area NF5 (inactive site) 

The soils of the area NF5, which was used for OMW disposal for more than 10 years, are 
characterized by high sand content varying between 50% and 90%. In this area, disposal of OMW 
was ceased 5 years before drillholes were drilled, while the owner filled the old pond with soil 
transferred from another nearby area. The old pond was almost 3m deep, so the analyses results for 
the first 3m of soil were not considered in this study. In this case, due to the high sand content and 
thus the high permeability of the upper soil layers, OMW migration to higher depths was easier, as 
it was confirmed also from the high concentrations of all four studied metals, compared to the 
control samples. Another significant aspect, which can be also seen in Figures 1-4, is that the 
increasing/decreasing trend in metals’ concentrations is the same for all of them at the same depths. 
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Figure 3. DTPA-extractable Zn in the samples collected from the ten drillholes drilled in the pilot 
area in Crete, Greece 
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3.3. River Site 

The drilling site “E-River site" was located 100m downhill the NF4 OMW disposal area. A 
drillhole was drilled there in order to investigate the possibility of OMW migration through the 
subsurface. It can be seen in Figures 1-4, that Fe and Zn are the two metals with the higher 
concentration, mainly at soil depths up to 9.0 m. However, even though the substrate at NF4 allows 
underground OMW migration, the measured metals concentrations are maybe due to the presence 
of other contaminants, since sewage from neighboring villages is discharged into river water. 
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Figure 4. DTPA-extractable Mn in the samples collected from the ten drillholes 
drilled in the pilot area in Crete, Greece. 
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3.4. Disposal area NF1 (NF1, NF1.1, NF1-sludge) 

The three sites selected in this disposal field are located in the same direction. In specific, NFI- 
sludge is a site where OMW sludge was periodically disposed for several years. NF1 is a site very 
near to the disposal pond of the area, while NF1.1 is located 4 meters away from NF1 (the slope of 
the area is almost 4-596). The soil in the area is similar to the soil at NF4, i.e. rich in clay, CaCO3 
and has slightly alkaline pH (7.5-7.9). However, the substrate of NF4 consists mainly of soft 
fragmented limestone while in NF1 the limestone is not fragmented. This difference prevented 
OMW migration and protected soils in higher depths. 

As for all other soil parameters [2] it was observed that the higher concentrations of the four 
metals were recorded at low depths (up to 4-5 m). Available Mn was the only exception but this is 
mainly due to the high background value of this element in the area under study. Regarding Mn, it 
has to be mentioned that it is an element which is characterized by high mobility over a very broad 
pH range. Also, Mn” is characterized by low reduction potential, thus its tendency for reduction is 
rather limited. The way Mn will behave in soil solutions and pore water depends also on the organic 
matter content of soils as well as the prevalence of oxic or anoxic conditions [11,12]. 


4. CONCLUSIONS 


The risk for ground soil degradation/contamination as well as for contaminants migration due to 
uncontrolled disposal of OMW is considered high especially in soils poor in clay and when the 
substrate characteristics, e.g. presence of soft fragmented limestone, favour downward migration of 
OMW. Although the obtained results are specific for the disposal areas investigated in the frame of 
PROSODOL project, yet, they are indicative and descriptive of the degradation risk that may be 
caused due to OMW disposal in other similar areas. Analyses of soil samples from ten drillholes 
drilled in three OMW disposal sites in Crete, Greece, exhibiting different characteristics provided 
similar results, i.ee. OMW migration through the substrate is possible and mainly depends on 
substrate properties. This study focuses on the determination of the concentrations of available 
forms of Fe, Cu, Zn and Mn at high depth. It is deduced that among the OMW constituents that can 
be found at high concentration even at 45m depth, Fe is also included. If the substrate favours 
downward OMW migration, then Zn is very likely to be traced also at higher depths. On the 
contrary, available forms of Cu and Mn were traced in low concentrations in all areas under study. 
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Abstract 


The extensive use of fertilizers constitutes a significant source of pollution for water bodies, 
especially when the quantity used exceeds the limits specified by directives. The online application, 
which is presented in this paper, aims to inform farmers and authorities for the impact of fertilizer and 
pesticide use in the basin of river Aggitis. The core of the application is the AGNPS model, which 
provides daily estimations of fertilizer runoff to the water bodies. AGNPS output is processed by GIS 
in order to create interactive guideline maps, which are uploaded to a webpage. The guidelines refer 
to the use of fertilizers and pesticides, by providing farmers with a YES/NO instruction, depending on 
a five-day forecast of fertilizer runoff. The output of AGNPS is also processed in order to provide 
local authorities with detailed five-day forecast of rainfall spatial distribution, and an estimation of the 
quantity of fertilizers that could potentially end up into the region's streams. The application is 
expected to increase the awareness of farmers regarding the environmental impact of their activities 
and to assist them in the better management of their resources. 


Keywords: DSS; GIS; AGNPS; nitrate pollution; fertilizers 


1. INTRODUCTION 


In various situations, the complexity of a scientific application poses difficulties on the exploitation 
of its output by potential users, especially if interaction is required from their side. The application 
presented here aims to provide end users, both famers and officials of local authorities, with 
comprehensive instructions for the use of fertilizers and pesticides. The instructions are based on 
the results of simulations of the AGNPS model, which are performed on a daily basis and then are 
processed using ArcGIS Python Scripting and Spatial Analysis. The final instructions, which are 
derived from the results, are provided online in a YES/NO format, while the website supports the 
use of location services of cellular phones, in order to facilitate its use by farmers, who would prefer 
a simple instruction that would refer locally to their own landplot. 

The use of GIS in the decision making process is widespread in a variety of application fields. 
They are used in decision support for land suitability studies [1, 2], crop planning [3], pesticide 
leaching [4], nitrate fertilizer use [5] etc. Although Decision Support Systems (DSS) are in use for 
more than twenty years [6, 7], in the majority of occasions the application interface required inputs 
from the end user's side, which rendered necessary a minimum level of expertise in the use of such 
systems. Therefore, in many cases, the group that was aimed to benefit from the development of 
such an application, farmers in the present case, did not take advantage of its benefits, due to poor 
acquaintance with computer use. 
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Figure 1. The study basin with its hydrographic network and the meteorological data locations. 


In order to address this issue, the application which is presented in this paper, provides information 
and guidelines without requiring any action from the user's side. All required inputs are either built 
in the model's parameters or are automatically generated with the use of computer scripts. This 
process required careful planning and design at the stage of the creation of the application, in order 
to identify the parameters that would require daily input updates and those that would be used as 
constant variables for the period that the application will be used. The study area, for which this 
system is applied and used for the first time in Greece, is located in the basin of river Aggitis, in 
Eastern Macedonia, Greece, as illustrated in Figure 1. The source of the maps used in the paper is 
the web page of the Drama Prefecture (www.pedramas.eu). The application can be accessed via the 
same web page of the Drama Prefecture. 


2. MATERIALS AND METHODS 


2.1 Description of AGNPS 


The core of the application presented in this paper is the AGNPS model. AGNPS is a daily time- 
step, distributed model, which enables the modeling of the various processes and parameters that 
affect nitrate pollution, allowing the creation of a detailed model of the study area [8]. The required 
inputs include ground elevation, soil texture, land use, data on cultivation and irrigation practices, 
fertilizer use and crop requirements. The model also requires extensive rainfall and climate data 
(wind speed, relative humidity, temperature and solar radiation). 
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AGNPS was employed in order to provide daily estimations of the basin's response to the use 
of fertilizers and pesticides and uses these results in order to issue daily guidelines for farmers and 
public services. The primary aim of the application is to deter farmers from applying fertilizers or 
pesticides on their fields, when there is high probability that they will be transferred to the basin's 
recipient stream, thus resulting in a waste of their resources, both economic and material, and in 
ecological pressure on the environment. 

AGNPS was calibrated using data for 2008 and validated with data for 2009 [9]. The 
meteorological data series used for the calibration process were taken from the records of the station 
A11 close to the basin (Figure 1), assuming that conditions were not substantially different inside 
the basin. Although meteorological gauges were in operation within the study area [10], their data 
were available on a monthly basis, therefore they were unsuitable for use by AGNPS, which 
requires data on a daily basis. The objective of the calibration and validation process was to obtain 
values of spring discharge and nutrient runoff as close as possible to the measured ones. This was 
achieved by changing the values of fertilizer application rate and spring discharge, while 
maintaining all variable values, which were related to crop cultivation, constant, according to data 
available for the whole region. The quantities that were calculated refer to annual totals. Records for 
the nutrient loads were available at the basin's outlet (Figure 1) for years 2008 and 2009, whereas 
for the river discharge only for the year 2009. After careful examination of the climate conditions 
for the years 2008 and 2009, it was concluded that the conditions did not vary significantly; 
therefore it was assumed that the river discharge was the same for both years. This assumption was 
necessary in order to calibrate the runoff component of AGNPS for the year 2008. 

The model was verified for the year 2009, by using the parameter values that were calibrated 
for the year 2008. The deviation of runoff was calculated at 1.296 and the deviation of nutrient load 
at 14%. These deviations are well within the model's performance limits, according to previous 
studies [11]. 


Table 1. Calibration and validation results for AGNPS 


CALIBRATION RESULTS 
Simulation Parameter 2008 Recorded Data | 2008 Simulated Data | Deviation 
Water volume at the basin's outlet (m) 433,805 x 10° 452,790 x 10° 4.39% 
Nutrient load at the basins outlet (tn) 244.28 240.55 -1.5% 
VERIFICATION RESULTS 
Simulation Parameter 2009 Recorded Data | 2009 Simulated Data | Deviation 
Water volume at the basin’s outlet (m) 433,805 x 10° 428,635 x 10° -1.2% 
Nutrient load at the basins outlet (tn) 259.83 221.88 -14.6% 


After AGNPS was calibrated according to the basin's characteristics, the daily input parameters 
should be specified. Land use, irrigation, crop and cultivation data were all maintained as constants, 
according to their calibrated values. The application provides guidelines for the current day and a 
four-day forecast. Therefore, meteorological data should be a daily input variable. The 
meteorological data for the simulation period are downloaded automatically using a Python script, 
which updates the meteorological data file used by AGNPS on a daily basis. These data are 
obtained from nine locations in the basin, as indicated in Figure 1, and contain five-day values for 
rainfall, temperature, wind speed and sky cover. 

As stated before, the primary objective of the application is to provide guidelines to all farmers 
in the region on the use of fertilizers and pesticides. In order to achieve this goal and provide useful 
information to any user, it was decided that the model will operate on the assumption that all users 
will apply their fertilizers simultaneously at all parts of the region. This assumption, although leads 
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to an exaggerated estimation of fertilizer runoff at the basin's outlet, was essential in order to 
produce results that would inform individual users about the waste of their resources to runoff. 


2.2 GIS component 


Another significant component of the application is the spatial analysis by GIS. The Spatial Analyst 
extension of ArcGIS 9.3 was used in order to create the information maps that would provide the 
necessary guidelines to the end users. The maps are delivered in KML file format, which are 
uploaded to the application's webpage. Each map consists of colors that correspond to the results of 
the model for any specific point, according to the desired guideline. The user can see the guideline 
by clicking on the desired point on the relevant map, as shown in Figure 2. 


Figure 2. Guideline sample map for pesticides. 


The entire procedure of performing spatial analysis of the data and creating the final maps is 
completely automated by using the ArcGIS built-in Python scripting feature. All analyses were 
programmed into the ArcGIS Model builder and exported as Python scripts. An AGNPS result file, 
which was updated daily, was used as input for the GIS and then the final map was produced. The 
automated process ensures that no human intervention is required in the procedure of producing the 
maps, thus allowing the continuous function of the application, regardless of holidays or other 
probable causes that might hinder an operator from uploading the results on the web site. The GIS 
model structure used is depicted in Figure 3. 

Initially, meteorological data are collected via an automated Python script and the AGNPS 
inputs are updated. Then, an AGNPS simulation is performed and a result file with estimations of 
nutrient loads in the basin is produced. The rainfall values for the nine locations and the nutrient 
loads for the cells, in which the basin is discretized, are used to produce an ArcGIS shapefile which 
contains extrapolated values for rainfall and nutrient load, for the entire basin's area (1). A new field 
is added to this shapefile, with the intention to be filled (populated) with the YES/NO guidelines. 
The YES/NO value is determined according to each cell's value (either rainfall or nutrient load) and 
then assigned to each record (2). The cells with the same YES/NO value are dissolved to a single 
feature (3), in order to create the shapefile which contains the YES/NO guidelines (4). This 
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shapefile is converted to an ArcGIS layer, afterwards a specific symbology is applied in order to 
create a layer with the desired color scheme (5) and then the layer is saved on the server's hard disk 
(6). The guideline layer (7) is converted to a KML file (8) and uploaded to the application's web 
site (9). After this process, the added field from step (2) is deleted from the shapefile (10) in order 
to retain the initial shapefile and use it again the next day. 


Initial Shapefile 
(1) 


Guideline 
shapefile (4) 


Guideline layer 


(7) 


Figure 3. GIS model for the generation of the final guideline map. 


2.3. Automated processing and scripting 


The entire process of modifying the daily AGNPS inputs, performing AGNPS simulation and the 
subsequent spatial analysis of the results via GIS, and, finally, uploading the results to the 
application’s webpage, is completely automated. A set of Python computer scripts, scheduled to be 
executed consecutively via the Windows Task Scheduler, downloads the meteorological data, 
modifies the AGNPS input data for the simulation period (in order to match the current day and a 
four day forecast each time) and begins the AGNPS simulation. After the simulation is completed, 
another script modifies the AGNPS result file in a format that can be used by ArcGIS and launches 
the Spatial Analysis process. Finally, the maps which are produced are uploaded, by another script, 
to the server of the application, as explained previously. This process is completed in approximately 
45 minutes and is executed on a daily basis. 


3. RESULTS AND DISCUSSION 


The application is available online and accessible to the public since the beginning of November 
2015. Up to date, its predictions have been in accordance to the observations of local authorities. 
The application produces four distinct types of maps, depicted in Figures 4 to 7. Two of them are 
aimed to be used by local farmers and provide simple YES/NO instructions according to the results 
of the AGNPS simulations, and the other two aim to assist local authorities and provide results in 
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detail. High fertilizer and pesticides runoff rates produce a “NO”, while low runoff rates produce a 
“YES”, which informs a farmer that it is safe to use fertilizers on his field. Due to the assumption of 
uniform fertilizer use in the basin and in order to deter individual farmers from using their resources 
when there is high risk of waste, the quantity that would produce a *NO" result was set as low as 10 
kg per cell (Figure 4). All maps are available as individual links in the application's web site. Users 
can select the relevant type of map and then, from the list of five maps (one for each day of the five- 
day simulation) for the selected type, choose the map which corresponds to the day for which 
information is required. In case that a computer is not available, the maps can be accessed with a 
smartphone. 

Responding to a request by the farmers' unions, a map similar to the map of fertilizer use is 
provided regarding the use of pesticides. In this map, the YES/NO instruction is based solely on the 
anticipated daily rainfall height. Rainfall heights above 2 mm/day produce a “NO” instruction, in 
order to prevent pesticide leaching (Figure 5). 


FERTILIZER USE GUIDELINE 


EN YES 
NEN NO 


Figure 5. Guideline map for pesticide use for famers. 
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Detailed maps containing more information are provided to the local authorities, or to users 
who require more information. The map which refers to fertilizer runoff provides data on the 
estimated quantity of fertilizers in each location (Figure 6), while a detailed map for the spatial 
distribution of rainfall height is also provided (Figure 7). This additional information can be used in 
order to assist local authorities in the better management of the basin. 


ESTIMATED FERTILIZER LOSS 


Figure 6. Guideline map for fertilizer runoff for local authorities. 


Figure 7. Guideline map for rainfall height for local authorities. 


4. CONCLUSIONS 


The online application described in this paper, aims to inform farmers and authorities for the impact 
of fertilizer and pesticide use in the basin of river Aggitis. The core of the application is the AGNPS 
model, which provides daily estimations of fertilizer runoff to the water bodies. This web 
application provides a user friendly environment and comprehensive guidelines to users who are not 
acquainted to the use of computers. Since it does not allow, in its present form, the examination of 
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scenarios according to users' intentions, its primary advantage lies in the fact that it does not require 
any form of interaction with potential users. This makes it more attractive to users who require 
results and instructions without the need to insert input data. Taking into account that the majority 
of farmers, who are the main target group of users, belong to that category, the application is 
expected to be widely used by the local farmer community. Up to date, the observations of officials 
of local authorities confirm the reliability of the application's forecasts, increasing its credibility 
among farmers. 
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Abstract 


The aim of this paper is the classification of rainfall data using fuzzy logic in order to examine 
whether there are similarities among rainfall stations. The data was taken from 7 rainfall stations in 
the region of Serres in Northern Greece and was used to calculate correlation coefficients. Then 
with the fuzzy logic method the rainfall stations were categorized and classified according to the 
reliability degree. Due to the complexity of the problem, a software in Matlab environment was 
created, which accepts the rainfall data, calculates the correlation coefficients, creates graphs and 
does all the necessary steps to provide the final classification of rainfall stations. 


Keywords: fuzzy logic; rainfall data; classification; tolerance-equivalence relations; Matlab 


1. INTRODUCTION 

In recent years the domain of fuzzy logic has made enormous progress and is taught in many 
countries around the world at both undergraduate and postgraduate level, while its implementation 
has found fertile ground in many branches of engineering sciences. The fuzzy logic is derived from 
the development of fuzzy sets theory of Lofti Zadeh, is well structured and performs well in 
ambiguous or uncertain environment [1]. Contrary to the Aristotelian logic or the classical logic, 
which is a binary logic, fuzzy logic is multivalued and variables can take infinite values in truth 
degree ranging between 0 and 1. When linguistic variables are used, the degree of truth is presented 
by specialized functions. Consequently, the fuzzy sets work in ambiguous and uncertain 
environment and give meaningful results for humans; results that are close to the human way of 
thinking and expression [2]. 

In accordance with Cox [3], it is commonly accepted that the techniques based on classical logic 
have proved unsuccessful to approximate the procedures of common sense, learning from 
experience, etc. Fuzzy logic shines in these fields by focusing on the representation of the 
ambiguity, imprecision and uncertainty to achieve satisfactory solutions. Zadeh proposed the 
principle of incompatibility, according to which: as the complexity of a system increases, human 
ability to make precise and relevant (meaningful) statements about its behavior diminishes until a 
threshold is reached beyond which the precision and the relevance become mutually exclusive 
characteristics. It is then that fuzzy statements are the only bearers of meaning |4]. 

The aim of this paper is the classification of rainfall data using fuzzy logic in order to examine 
the degree of similarity among rainfall stations. The complexity of classification of rainfall data 
requires the construction of customized software in MATLAB. 
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2. MATERIALS AND METHODS 


2.1 Methodology 

All basic and necessary steps for achieving rainfall data classification are as follows: 

1) Acquisition of rainfall data, 

2) Calculation of correlation coefficients, 

3) From the correlation coefficients a matrix R, is obtained, called tolerance matrix, with the 
following properties: 


e ijj € [0,1] 
e üàj-—l1 (reflexivity) 
e aj —aj (symmetry) 


4) Matrix R is obtained from R, which is called equivalence matrix having the three following 
properties: 


e aj =1 (reflexivity) 

© üjj—aj (symmetry) 

e lfajj—AÀ, , Gx — A5 2 Ax =A with A € [0,1] Then for any à should apply 
AZMin(A,A5) (transitivity) 


5) Every tolerance matrix R, can be reformed into an equivalence matrix R by at most (n — 1) 
compositions with itself according to the following Equation 1 (where n is the cardinal number 
of the set defining B) [5]: 


R= R oo- oRR (1) 


6) Based on the equivalence matrix Ñ, A-cut set (or a-cut Ra) R} are defined, where 0 € A x 1. 
The R, which is a classical set is called lambda intersection of fuzzy set R and is defined as 
follows: 


Ra = {x | Ma) 2 A) (2) 
For A-cut sets of fuzzy relations, the following certain properties are applicable: 


e (RUS), =R, US, 

e (RnS$),—-R,ns, 

e (RB) +R} 

e ForanyAÀ > &,where0 <a < 1,then R, S R} 


7) Set [xi] = {x; (xi, xj) € R}, is defined as the equivalent class x; on a universe of data, X and 
is contained in a special relation R, known as equivalent relation. This class is a set of all 
elements related to x; that have the following properties [6]: 


e xi € [xi] > (px) ER 
e [xi] * [glida [xy] 29 
e Uxexlx] =X 
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The first property is that of reflexivity, the second property indicates that equivalent classes do not 
overlap, and the third property simply expresses that the union of all equivalent classes exhausts the 
universe X. Hence, the equivalence relation R can divide the universe X into mutually exclusive 
equivalent classes, i.e., 


XIR = ([x]ll x € X; (3) 


where X | R is called the quotient set. The quotient set of X relative to R, denoted X | R is the set 
whose elements are the equivalence classes of X under the equivalence relation R. The cardinality 
of X | R G.e., the number of distinct equivalence classes of X under Ñ) is called the rank of the 
matrix R [5]. 


22 Software 

One of the best software for data analysis and for processing matrices is MATLAB (MATrix 
LABoratory) which is a modern comprehensive mathematical package that is utilized extensively in 
universities and industry. It is not only an interactive program for numerical computation and 
construction of graphs, but also provides programmability, which makes it a powerful tool for all 
scientific fields. 


The complexity of rainfall data 
classification requires the construction of a 


—M— custom software in MATLAB. The software 

was not only designed for the data under 

1) Insert Matrix examination but it was generalized for nxn 
matrices. The software is user friendly, and 

2) Calculate Correlation Coefficient little knowledge of MATLAB environment is 
required in order to use it. Figure 1, shows 

3) Matrix Check the program menu. The user can choose from 

a variety of options that helps him to achieve 

4) Convert to Equivalence Matrix - Cuts - Classification the most accurate possible results depending 
on the requirements of his problem. Shortly 

5) Cuts - Classification the software: 1) Accepts the rainfall data in 
matrix form 2) Calculates the correlation 

6) Save in excel results of operation 4 coefficient obtaining the tolerance matrix. 3) 
Check the primary matrix and gives its 

7) Save in excel results of operation 5 properties. 4) Converts tolerance matrix into 
equivalence matrix obtaining all intermediate 

8) Graphs matrices. Gives à-cut sets and classes of the 
equivalence matrix presents the final 

Exit classification of data. 5) Saves the results in 

excel format. The excel files are named 

Figure 1. Program menu directly from the software depending on the 


results. 6) It can create two and three 
dimensional graphs. 7) Commands 5-7 have been developed under the assumption that if the 
primary matrix which is inserted in the software is an equivalence matrix, the user has the 
possibility to extract the desired results and to save them in excel file. This happens because in the 
command 4, the properties of the data matrix is checked and in case that is already an equivalence 
matrix the algorithm stops. 
Finally the default number of decimal digits is preset to four but the user can alter this from the 
MATLAB environment in order to increase the accuracy of the results. 
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2.3 Study area and rainfall data 

The study area is located in N. Greece and more specifically in the region of Serres. The rainfall 
stations with their locations and elevations are shown in Figure 2 and values (monthly averages) are 
shown in Table 1 [7]. 


NerTpitror 
Nerpus 


me a. c Tr 
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k Wr EP A 
‘a oroia 
| Ano Vrontou a 
INS 184m x "pou " 


1060m 


Figure 2. Rainfall stations with corresponding elevations in the region of Serres 


Table 1. Monthly averages (mm) 
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3. RESULTS 


3.1 Tolerance and equivalence matrix 
The tolerance matrix of rainfall data in region of Serres has the following form: 

1 0.8624 0.8414 0.6951 0.7720 0.3548 0.7273 
0.8624 1 0.7696 0.7813 0.7627 0.4852 0.6737 
0.8414 0.7696 1 0.7751 0.6243 0.4363 0.8431 
0.6951 0.7813 0.7751 1 0.7662 0.3389 0.7605 
0.7720 0.7627 0.6243 0.7762 1 0.2128 0.6208 
0.3548 0.4852 0.4363 0.3389 0.2128 1 0.1768 
0.7273 0.6737 0.8431 0.7605 0.6208 0.1768 1 


zu 
m 
Il 


where A=Agistro, KP=Kato Poroia, AV=Ano Vrontou, AI-Aidonoxori, S=Serres, AP=Ano Poroia, 
KN=Kato Neurokopi. 

Applying Equation 1 the tolerance matrix R, is converted into equivalence matrix R after 3 
compositions and provides the intermediate matrices: 


1 0.8624 0.8414 0.7813 0.7720 0.4852 0.8414 1 0.8624 0.8414 0.7813 0.7720 0.4852 0.8414 

0.8624 J: 0.8414 0.7813 0.7720 0.4852 0.7696 0.8624 1 0.8414 0.7813 0.7720 0.4852 0.8414 

0.8414 0.8414 1 0.7751 0.7720 0.4852 0.8431 0.8414 0.8414 1 0.7813 0.7720 0.4852 0.8431 

Ri = |0.7813 0.7813 0.7751 1 0.7662 0.4852 0.7751 Ri = | 0.7813 0.7813 0.7813 1 0.7720 0.4852 0.7751 

0.7720 0.7720 0.7720 0.7662 1 0.4852 0.7605 0.7720 0.7720 0.7720 0.7720 1 0.4852 0.7720 

0.4852 0.4852 0.4852 0.4852 0.4852 1 0.4852 0.4852 0.4852 0.4852 0.4852 0.4852 1 0.4852 
0.8414 0.7696 0.8431 0.7751 0.7605 0.4852 1 0.8414 0.8414 0.8431 0.7751 0.7720 0.4852 1 


1 0.8624 0.8414 0.7813 0.7720 0.4852 0.8414 
0.8624 1 0.8414 0.7813 0.7720 0.4852 0.8414 
0.8414 0.8414 1 0.7813 0.7720 0.4852 0.8431 

Rt = R? oR, = R = | 0.7813 0.7813 0.7813 1 0.7720 0.4852 0.7813 
0.7720 0.7720 0.7720 0.7720 1 0.4852 0.7720 
0.4852 0.4852 0.4852 0.4852 0.4852 1 0.4852 
0.8414 0.8414 0.8431 0.7813 0.7720 0.4852 1 


The matrix R1 = Ř satisfies the properties of reflexivity and symmetry, but it also satisfies the 
property of transitivity that transforms it into equivalence matrix R. 


Continuation of compositions between matrix Rf and matrix R, (Equation 4) will provide the same 
results [8]. This is another way verifying the final equivalence relation R: 


R,oR,ofioR,o..oR,—R (4) 


3.2 )-cut sets 


Here are the A-cuts of fuzzy equivalence relation R, using the Equation 2, for the values 
À = 0.4852, 0.7720, 0.7813, 0.8414, 0.8431, 0.8624, 1: 
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111111 1 1111101 
1-43 Ade te 1 1111101 
111111 1 1111101 
Ro4852 = 1 1 1 1 1 T 1 Ro.7720 = 1 1 T 1 1 0 1 
1111111 1111101 
t tox d 0000010 
1 111111 1111101 
1111001 
1111001 
1111001 
Ro7gi3 =|1 1 1 1 00 1 
0000100 
0000010 
1111001 
1110001 1100000 
1110001 1100000 
1110001 001000 1 
Roga14 = 0001000 Rog431 = 0.001 00 0 
0000100 0000100 
0000010 0000010 
1110001 001000 1 
1100000 
1100000 
0010000 
Rgggg247|0 0 01 0 0 0 
0000100 
0000010 
000000 1 
1 0 
1 
1 
R = 1 
1 
1 
0 1 
3.3 Classification 
The universe X contains the seven stations as: 
X = [x X2, X3, X4, Xs, X6, X7) (5) 


Based on the previous results, and Equation 3, Table 3 was constructed which shows the 
classification of rainfall data depending on A-cut levels. 


Table 3. Classification of seven rainfall stations according to A-cut levels 


)-cut Level Classification 

0.4852 Ux X2, X3, X4, Xs, X6, X7] 

0.7720 {X1, X2, X3, X4, Xs, x7] [Xs] 

0.7813 bx X2, X3, x4, X7 [xs] [xe] 

0.8414 {x1 X2, X3, X7) [xa ns ] [xs] 

0.8431 bx x2 306, x7 Mox [5] [6] 

0.8624 bx xo3bes [x4] [xs] oc] 
1 [xs [2] [x3 ]Eca xs Hoc ] Ez ] 
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We can express the classifi- 
cation scenario described in 
Table 3 with a systematic classi- 
fication diagram, as shown in 
Figure 3. Also it is shown that for 
higher value of A, the classi- 
fication is more rigorous. That is, 
as A gets larger the tendency of 
classification tends to approach 
the trivial case where each data 
point is assigned to its own class. 

Figure 4 and Figure 5 were 
created with the help of a 
subroutine built in MATLAB and 
give two-dimensional and three- 
dimensional representation of the 
results obtained from the con- 
version of the tolerance matrix 
into equivalence matrix. 


A=0.8624 0.8431 0.8414 0.7813 0.7720 0.4852 


Figure 3. Classification diagram 


Figure 4. Two-dimensional contours of relations R2, R1, 


13" International Conference on Protection and Restoration of the Environment 621 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 
C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 


ISBN: | 978-960-6865-94-7 


Figure 5. Three-dimensional representation of equivalence 
relation R 


4. CONCLUSIONS 


According to the results we can state that the data classification with fuzzy logic can provide 
answers under a certain degree of confidence in complex problems characterized by ambiguity and 
uncertainty. To extract the primary matrix (tolerance matrix), the calculation of correlation 
coefficient of rainfall data was selected. The tolerance relation could also occur through the use of 
other methods such as the cosine amplitube, max-min method, exponential similarity coefficient, 
scalar product, geometric average minimum etc. The compositions of the matrices until the 
tolerance matrix is converted into equivalence matrix, was made by the max-min composition 
method but it's not the only option for the conversion process; there are other similarity methods 
such as the max-product etc [5]. Max-min composition and max-product methods are the two most 
common techniques in the literature. The max-min composition method is the one used by Zadeh in 
his original paper on approximate reasoning using natural language if-then rules [4]. 

The best classification obtained, was in the stations of Agkistro and Kato Poroia with a degree of 
reliability 0.8624, where these stations present acceptable similarity. The elevation difference 
between the above two stations is around 116 meters. The annual rainfall height received by each 
position in a region depends on its elevation. It is known that rainfall height increases with 
elevation. Nevertheless, the classification of rainfall data shows that these two stations have the 
greatest similarity between all stations with a 0.8624 degree of reliability, which is strong enough. 
Therefore, although the rainfall stations in regions Agkistro and Kato Poroia have significant 
elevation difference they have considerable similarity between them. For that reason we can say 
that the meaning of rain gradient is not valid. 
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Abstract 


Modelling fluid flow in fractured formations is of great interest worldwide, as it can enhance 
knowledge and understanding of the new exploration technique of hydraulic fracturing for the 
extraction of shale gas in unconventional reservoirs. This paper is the first step in a series of studies 
that aim to assess the effect of fractures on both environmental contamination as well as enhanced 
oil or gas production rates. In particular COMSOL Multi-physics software was implemented in an 
initial, three-dimensional two-layered porous media geometry, with the objective of testing the 
COMSOL software for such studies, and introducing the more complex physical processes as well 
as representing the fractures and faults explicitly within the domain. In this initial study, a fault was 
represented explicitly, whilst other finer fractures were represented by the increased conductivities 
within the formation. As expected, preliminary simulations have shown that increasing the 
formation hydraulic conductivity reduced the breakthrough times, although the presence of the fault 
only has a significant effect when the shale hydraulic conductivity is low. 


Keywords: hydraulic fracturing; groundwater pollution; finite element method; fractured media. 


1. INTRODUCTION 


Over the last few years, concern related to groundwater contamination of sources due to the new 
process of hydro-fracking for the extraction of natural gas has increased, with several researchers 
claiming that deterioration of ground water quality in certain areas is directly linked to this process 
[1-6]. Hydraulic fracking is aimed at creating several small cracks, or fractures, in underground 
geological formations to allow the natural gas to flow into a well-bore without pumping and thereby 
increasing the production of it [2]. Once the hydraulic process is completed, the initial fracturing 
fluids, together with the fluids displaced from the geological formations, rise to the surface and are 
collected. However, the method is still controversial, despite its many applications in the USA and 
Canada, as there are risks associated with both public health and environmental effects such as 
contamination of groundwater aquifers and triggering of small earthquakes [2]. To fracture the 
formation, in fact, large amount of special fracturing fluids are injected at high pressures down the 
well-bore and into the formation, and the amount of injected fluid that returns to the ground surface, 
after fracking is applied, is lower than 4096 [3]. Some studies showed that fracking fluid has been 
found in aquifers [4-6] demonstrating that the potential for various forms of water pollution exists. 
In particular, in Pennsylvania, possible contamination of drinking groundwater associated with 
shale gas extraction has been reported from Marcellus shale [4,5], as it was found that methane 
concentrations were substantially higher closer to shale gas wells than the regional natural 
concentration. In addition, other studies from some researchers at the University of Texas at 
Arlington [6] revealed elevated levels of arsenic and other heavy metals in private drinking water 
wells near natural gas wells in North Texas' Barnett Shale. Samples from 100 wells, both inside and 
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outside of the Barnett Shale were analysed and arsenic was found in 99 of the 100 wells with levels 
significantly higher in active gas extraction areas. 

Studying the fluid flow and contaminant transport in such environments is a complex area of 
research as it requires representation of the high formation heterogeneities, directional dependence, 
multi-component nature and multiscale behaviour, being the oil and gas reservoirs crossed by 
multiscale fractures/faults [7]. When faults are present, the potential impact of shale gas mining 
increases the potential risk of it, as in those cases advective transport and two potential pathways 
through formation media and fractures allow the transport of contaminants from the fractured shale 
to nearby aquifers [8,9]. To model these systems, simplified models have been developed [7]. 
Myers [8] discussed the possible pathways from hydraulic fractured Marcellus shale to the fresh 
water aquifer in Pennsylvania via a two layered system. With interpretative modelling using 
Modflow and by considering different conductivities for each layer, he showed that advective 
transport could require up to tens of thousands of years to move contaminants to the surface, and 
also that fracking the shale could increase the velocity transport and consequently reduce that 
transport time to tens or hundreds of years. In addition, he obtained that by adding conductive faults 
or fracture zones, as found throughout the Marcellus shale region, the travel time could further 
reduce to less than 10 years. However his results were questioned as some of them had some 
calculation errors [10,11]. 

This paper proposes to provide a better understanding of the fluid flow and transport of 
contaminants in fractured reservoirs via 3D finite element modelling simulations, by considering 
Myers simulations [8]. A two layered system and the effect of a fault were tested, as a first step in a 
series of studies with the objective to assess one of the largely unexamined issues of slow 
contamination of shallow groundwater due to hydraulic fracturing at depth via fluid and 
contaminant migration along conductive cracks. Preliminary simulations were replicated using 
COMSOL Multi-physics? software by analysing the steady state travel time for some tracer through 
layers of sandstone and shale. A sensitivity analysis on tracer transport in porous media with and 
without a fault was carried out aimed at quantifying the effect of the hydraulic properties of the 
porous media (i.e. hydraulic conductivities) as well as the effect of a fault, in terms of 
contamination transport timescales. Results showed that different formation conductivities have an 
effect on the overall fluid flow and hence a consequent expected effect on the concentration time of 
to reach the groundwater. 


2. MATERIALS AND METHODS 


2.1 Transport modelling 
Time evolution of solute transport in porous media can be described via the advection-dispersion 
equation (Equation 1)[12]: 


Advection-Dispersion Equation: 0. V[-0D, VC +uC]=0 (1) 
t 


where C is the groundwater contaminant concentration, t is the time, D; is the hydrodynamic 
dispersion tensor, u is the pore water flow velocity vector, and 0 is the effective porosity. The 
hydrodynamic dispersion tensor, D; is expressed as the sum of the tensor of mechanical dispersion, 
Dm, and the coefficient of molecular diffusion, Dj, (a scalar), as better described by Konikow and 
Grove [13]. Darcy equation (Equation 3) can be used to evaluate the pore water flow velocity vector 
u, which depend on the hydraulic conductivity, K, and on the hydraulic head gradient Vh (where h 
is the hydraulic head) and is written as follows: 
Darcy's Equation: u= K - Vh (2) 
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The initial and boundary conditions for both concentration (Equation 3) and hydraulic head fields 
(Equation 4) used, were as given further below. 
Concentration initial condition 


C(x, y, z) -0 t=0 
Concentration boundary conditions (3) 
C(x, y,0) =C, t>0 
x=0,x=X VyVzVt 
y=0, y=Y VxVzNt 
—n-[-6D,VC]|=0 z=Z  VxVyVt 


—n-[-6D,VC +uC]|=0 


Hydraulic head initial condition 
h(xy,z)-0 1-0 


Hydraulic head boundary conditions (4) 
h(x, y,0) =h, z=0  VxVyVt 


A(x,y,Z)=h, | z-Z Vxvyvt 
x=0, x=X VyVzvVt 


-n:u-0 
i y=0, y=Y VxVzNt 
In Equations 3 and 4, n is the unit vector normal to the boundary, while X, Y and Z represent the size 
of the computational domain along the x-, y- and z-directions and h; and hz are the hydraulic head 
values at the bottom and at the top of the model respectively. The equation system (1)-(2), with the 
related initial and boundary conditions (3) and (4) were solved numerically via finite element 
method by using COMSOL Multi-physics?. 


2.2. Numerical methods and parameter values 

Simulations were conducted with COMSOL, a finite element simulator of subsurface flow 
considering a multi-physic environment. The case study examines the vertical transport of 
contaminants throughout a Marcellus shale region of thickness 30m (Hsn) and the above sandstone 
layer of thickness 1470m (Hss) [8] in presence and absence of a fault (Figure la and Figure 1b). The 
fault was considered as vertical column having much higher conductivity than the surrounding 
media, as shown in Figure 1(b). Figure 1(c) represents the computational mesh used by COMSOL 
for the simulations. 


Figure 1. Model representation without fault (a), with fault (b) and computation mesh (c). 
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The mesh was a physics-controlled mesh of 286055 elements with minimum quality of 
0.1049m and average quality of 0.7484m. The base case values and parameters both for the shale 
and the sandstone layers and the fault are presented in Table 1. The model simulated a vertical flow 


with a gradient of 0.019 over the profile. 


Table 1. Main characteristics of the model and of the fault 


Parameter value units 
Model width X 450 [m] 
Model depth Y 450 [m] 
Model height Z 1500 [m] 
Shale thickness Hy, 30 [m] 
Sandstone thickness Ass 1470 [m] 
Aquifer bottom hydraulic head hy 1580 [m] 
Aquifer top hydraulic head hz 1550 [m] 
Piezometric gradient J 0.019 [m m'!] 
Porosity 0 0.1 [-] 
Sandstone hydraulic conductivity Kss 0.01-10 [m d'!] 
Shale hydraulic conductivity Kon 0.0001-0.1 [m d 
Longitudinal dispersivity Oz 10 [m] 
Transverse dispersivity Ox, Oy 1,0.1 [m] 
Molecular diffusion coefficient Dig 10° [m? s] 
Fault parameters 

Fault width X; 6 [m] 
Fault depth Y; 6 [m] 
Fault thickness H; 1470 [m] 
Fault hydraulic conductivity Kr 0.1-10 [m d] 


Equivalent permeabilities for each layers were considered taking into account both the fissures 
and matrix media [8]. Differently to Myers [8], the dispersion and diffusion effects were also taken 
into account with a longitudinal dispersivity, a, in the direction of flow, equal to 10m, transverse 
dispersivities, a, ay, equal to 1m and 0.1m respectively [9], while the diffusion coefficient, Dig, was 


set equal to 10? m? s''. 


Table 2. Sensitivity analysis scenarios with and without a fault 


No fault With fault 
K,n Kss Ksn K, 
Ks [m/d] [m/d] [m/d] [m/d] [m/d] 
SI-1 0.1 0.0001 S5-1 | 0.01 0.0001 1 
Scenario 1 S1-2 0.1 0.001 Scenario 5 $5-2 | 0.01 0.001 1 
S1-3 0.1 0.01 S5-3 | 0.01 0.01 1 
S2-1 0.01 0.1 S6-1 | 0.1 0.0001 1 
Scenario 2 $2-2 0.1 0.1 Scenario 6 S6-2| 0.1 0.001 1 
$2-3 1 0.1 S6-3 | 0.1 0.01 1 
S3-1 0.1 0.01 S7-1| 0.1 0.01 0.1 
Scenario 3 S$3-2 1 0.01 Scenario 7 $7-2| 0.1 0.01 1 
$3-3 10 0.01 $7-3| 0.1 0.01 10 
$4-1 1 0.0001 
Scenario 4 S4-2 1 0.001 
S4-3 1 0.01 
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2.3 Sensitivity analysis 

Because hydraulic fracking increases the permeability of the targeted shale and because of the 
uncertainty of that parameter due to the fracking process itself, a sensitivity analysis was carried 
out. In particular, the effect of hydraulic conductivity for both sandstone layer, Kss, and shale layer, 
Ksh, and fault, K, were investigated, based primarily on Myers [8] scenarios, and the most 
significant cases are reported in Table 2. These considered a range of conductivities for the 
sandstone layer, the shale layer and the fault respectively, by varying them from 0.0001 to 10m d“ 
and by comparing the consequence of the presence of fault. In particular, 7 scenarios are presented: 
in Scenario I and Scenario 4, Kss was maintained constant by changing K;;, while in Scenario 2 and 
Scenario 3, Ks; was changed between 0.01 and 10m d. Scenarios 5, 6 and 7 simulated instead the 
presence of a fault where Ky was maintained constant equal to 1m d' for both Scenario 5 and 
Scenario 6 and it was changed for Scenario 7, ranging from 0.1 to 10m d, while K,, and K,, were 
equal to 0.01 and 0.1m d” respectively. In particular Scenario 1 and 6 compare the same sandstone 
and shale conductivities range with and without the fault with K=1m d' . 


3. RESULTS AND DISCUSSION 


In order to understand the effect of the fault, two probes, P; and P», placed in the centre of the 
horizontal-cross section, where also the fault is located, with P; being at the top of the shale 
(x=225,y=225,z=30m), whilst P2 being at the top of the sandstone (x=225, y=225, z=1500m) 
(Figure 1) were considered. Outlet fluxes and concentrations over the time were detected for all 
scenarios, both with and without a fault. Table 3 shows the fluxes at the top of the shale (at probe 
Pj) with and without the fault. 

Fluxes at probe 2 are not shown as the values are similar to the values at probe P;. In addition, 
as shown in Table 3, by comparing Scenarios 1 and 6 flux values (at probe P;), the presence of a the 
fault did not significantly change the overall model flux. 

In Figure 2 the simulated transport times for the maximum concentration values at the top of 
the model (probe P?) for varying shale, sandstone and fault conductivities (Kss, Ksn, Kj) are reported. 
Figure 3 shows the outlet concentrations over time, at the probe P; for Scenario 1 (no fault case) 
and Scenario 6 (with the fault), whilst Figure 4 shows the results for Scenario 7 which looks at the 
variation of the fault conductivity, K; 


Table 3. Fluxes and transport time for probes P, with and without a fault 


No fault With fault 
Flux P1 Flux P1 
[kg/m?s] [kg/m?s] 
SI-1 1.103E-06 S5-1 7.807E-07 
Scenario 1 S1-2 7.765E-06 Scenario 5 S5-2 1.988E-06 
S1-3 1.961E-05 $5-3 2.349E-06 
S2-1 2.356E-06 S6-1 1.102E-06 
Scenario 2 $2-2 2.314E-05 Scenario 6 S6-2 71. 162E-06 
$2-3 1.961E-04 S6-3 1.963E-05 
S3-1 1.961E-05 S7-1 1.961E-05 
Scenario 3 S3-2 7.765E-05 Scenario 7 S7-2 1.962E-05 
$3-3 1.103E-04 S7-3 1.971E-05 
S4-1 1.151E-06 
Scenario 4 S4-2 1.103E-05 
$4-3 7.765E-05 
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Cases without fault 

Scenario 1: Increasing the conductivity of shale, Ksm as shown in Table 3, there is an increase 
of flux by a factor of 10 almost. 

Scenario 2: A relatively high shale conductivity (K,,=0.1m d`’) has a marked effect on the flux 
value, as well as the transport time, especially when the sandstone conductivity is also high 
(Kss=1m d). 

Scenario 3: This has a lower shale conductivity (K,,-0.01m d'') than Scenario 2, but has 
increased sandstone conductivities, Kss, up to the value of 10m d', affecting the flux value at the top 
of shale (Pj), although not as much as expected for the high conductivity value of 10m d'!, as well 
as the transport time. 

Scenario 4: Same shale conductivities as in Scenario 1, but increased sandstone conductivity, 
Kss (hence fractures in sandstone). Increasing K;; by a factor of 10 (from 0.1m d! to Im d') has a 
greater effect at the higher shale conductivities, while for the lower Ks, the effect is minimal. 

All scenarios emphasise the effect of one media to the other and when Ksn is very low, transport 
time is quite long and not sensitive to Kss. The shortest simulation time detected was for Scenario 2 
(S2-3) when Kss and Ks, are respectively 1 and 0.1m ds 
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Figure 2. Concentration transport time over P; for varying shale, sandstone 
and fault hydraulic conductivities, K, for all scenarios. 


Cases with fault 

In order to see the effect of the presence of fractures, a number of simulations in presence of a fault 
were also considered and compared with the equivalent cases without a fault. In particular, 
Scenarios 1 and 6 were considered, as in all cases the properties of the shale and sandstone were the 
same with the only difference of the fault in Scenario 6. The results showed that the flux values 
between the fault and no-fault cases were very much the same, especially when the shale and 
sandstone conductivities were relatively “high” (0.1m d’ and 0.01m d” respectively), and similarly 
for the transport times (Figure 2). However, when Ksn was low (0.0001 m d!) the present of the 
fault had an effect, not on the final flux value, but on the transport time. This can also be seen in 
Figure 3, where a comparison between the no-fault and with-fault cases is represented. 
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These results led to a set of simulations looking at the effect of the fault conductivity, Ky by 
increasing it to the value of 10m d'! in Scenario 7. From Figure 4, the breakthrough time is much 
smaller for the higher conductivity of 10m d’ (< 100 years) whilst for fault conductivities, Ky, of 
1m d'! and 0.1m d” the breakthrough times are higher than 200 years. Similarly, the time required 
for the concentrations to become 50% of the maximum concentration is higher (> 200 years) when 
the fault conductivities are lower (S7-/ and S7-2). 

Results about the timescales from the cases without a fault (Scenarios 1-4) showed to be 
congruent to Myers [8], apart from one case, which was already disputed by Cohen et al. [11]. 
Cohen et al. [11] also disputed Myers's flux values; our simulated fluxes were in agreement with 
theirs [11]. Results obtained with a fault (Scenarios 5-7) showed to be not congruent with Myers 
[2]. instead, who declared that the travel time could further reduce to less than 10 years, which does 
not seem to happen in our simulations. 


Scenario 1 vs Scenario 6 


C [kg/m?] 


0 250 500 2000 3000 4000 5000 
t [years] 


Figure 3. Outlet concentrations over time at point P2 for scenarios with fault (Scenario 6) 
and without fault (Scenario 1) for varying hydraulic shale and sandstone conductivities 
and a fixed fault conductivity Ky— 1m/d. 


Scenario 7 
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Figure 4. Outlet concentrations over time at probe P» of the model for Scenario 7, 
with a fault by varying the fault conductivity Ky 
4. CONCLUSIONS 
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In this paper a sensitivity analysis on solute transport in fractured porous media with and without a 
fault was carried out. In particular COMSOL Multi-physics software was implemented in an initial, 
simple two-layer (shale-sandstone) system, represented in three dimensions aimed at quantifying 
the effect of different hydraulic conductivities on the pollution transport timescales as described in 
Myers [2]. The aim is to provide a first step in a series of studies aiming at assessing the effect of 
fractures on both environmental contamination as well as enhanced oil or gas production rates and 
better understanding the fluid flow and transport of substances in porous media when 
fractures/faults are present. 

Results showed that the presence of a fault does not seem to influence the breakthrough time of 
concentrations, when the shale conductivity is relatively high, while an influence was noticed for 
low shale conductivity values (K,,=0.0001 m d`’, as well as by increasing the fault conductivity. 
Further simulations representing single fractures explicitly within the COMSOL software on 
multiple scales will be carried out, as well as considering the effect of different dispersivities. The 
impact of multiphase flow on contaminant transport will also be assessed taking into account both 
the temperature influence and more complex hydrological conditions, in order to estimate, in a more 
reliable way, fluid migration and solute transport in subsurface environments regards to shale gas 
reservoirs. 
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Abstract 


Climate data almost always comprehend disunions, which are considered as bias and may occur due 
to many factors, such as the source of these data (land surface, sea surface, satellites) or the way and 
the conditions of the data recording (type of measuring instruments, distance between measuring 
instrument and land surface etc.). The effort to deal with the problems caused by such bias, drove to 
the development of many bias detection methods as well as many data correction methods. The aim 
of this paper is to review and compare all the different available methods that are easily 
implemented and applied to climate data in order to correct them, and also to assess the impact of 
the bias correction on the final corrected data reliability. There many corrective methods, able to 
correct from the simplest to the most advanced disunion, which are based rather on statistic and 
much less on experimental methods. 


Keywords: climate data; bias correction; methods review; statistic methods. 


1. INTRODUCTION 

Climate data time series is an important basis on which climate change research depends, as they 
provide useful information about many climate variables. At first, the recording of such data 
occurred only by instruments on the land surface, but nowadays the recording network has been 
expanded also on sea surface and satellites. 

Concerning the study and analysis of climate change but also the weather phenomena, 
especially the extreme ones, a collection of recording data worldwide has been made and a few 
global or local databases have been resulted. The largest global databases are: the GHCN Monthly 
Version 3 (Global Historical Climatology Network- Monthly) [1] of NCDC (National Climatic 
Data Center) of NOAA (National Oceanic and Atmospheric Administration) of USA, which 
contains monthly temperature, precipitation and atmospheric pressure data by thousands of ground 
stations worldwide, and the HadCRUTA [2], which is a global temperature database, providing 
gridded temperature anomalies across the world, developed by Climate Research Unit (University 
of East Anglia) in conjunction with Hadley Centre (UK Met Office) and combines land (CRUTEM 
4) with ocean data (HadSST3). In Greece, the largest climate database has been developed by the 
National Observatory of Athens [3], which contains historical climate time series of 150 years about 
Athens and recent climate data by more than 250 weather stations in Greece. 

The fact that climate data is used for the study and analysis of climate change, makes it obvious 
and necessary that this data should be accurate and complete. A climate time series is considered 
homogenous if the variations that occur are caused only by variations in weather and climatic 
conditions. However, time series are often affected by many non-climatic factors which make these 
time series unsuitable and non-representative for the climatic changes. Thus, these non-climatic 
factors may introduce artificial discontinuities, called inhomogeneities, in time series. Examples of 
such non-climatic factors are: errors in recording instruments, changes in measurement conditions, 
relocation of a station, changes in the formula for calculation of variable mean, use of different 
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daily times in the calculation of daily mean temperature etc. There are three main types of 
inhomogeneities: point errors, shifts in the mean and trends [4]. 

Nowadays, there are several methods that have been developed in order to detect and correct 
every possible inhomogeneity in climate data. These methods are based on the statistical approach 
of time series and may have many different characteristics. 


2. INHOMOGENEITIES DETECTION AND CORRECTION METHODS 


The continuous research and development on the homogenization of climate data time series has led 
to the development of many homogenization methods with different characteristics. The decision of 
which homogenization method would be better and more efficient to be used every time is a very 
important process that requires a quality control before the homogenization process, so that the 
inhomogeneities in climate data would be reduced and corrected effectively and the time series 
reach the necessary continuity and good quality. The different characteristics of each 
homogenization method are analyzed in the following sections. 


2.1 Direct and indirect homogenization methods 

For some authors, direct methods are those that are only based on metadata and subjective 
judgements [5], while others have defined direct methods as mathematical algorithms that are able 
to detect multiple breakpoints in a direct way [6]. In this paper, the definitions of direct and indirect 
methods are provided by [7] and [8]. For these authors, direct methods include the use of metadata, 
the analysis of parallel measurements and statistical studies of instrument changes. The indirect 
methodologies consider the use of single station data (absolute approaches), the development of 
reference time series (relative approaches), and include both subjective and objective methods. 

In other words, direct methods aim to keep the climate time series homogeneous by anticipating 
changes in and around a meteorological station and limit their impact on climate data homogeneity 
[8]. Direct methods rely on the use of metadata information, which can provide precise knowledge 
of any change that happened to the station and its conditions, as well as when a discontinuity 
occurred and what caused it. 

On the other hand, indirect methods use a variety of statistical and graphical techniques to test 
the homogeneity and adjust the data series [8]. Indirect methods are distinguished between 
subjective and objective approaches. Subjective methods rely mostly on experts' judgments, while 
objective detection methods can be applied in automatic way, without any subjective element. 
According to [7] and [8], objective methods contain the group of absolute and relative approaches, 
which will be analyzed in the following section. 


2.2 Absolute and relative homogenization methods 

Regarding the use of additional (reference) climate time series, the homogenization methods are 
distinguished between absolute and relative methods. Absolute methods consider only the climate 
time series of a single station, the candidate station, to identify and adjust inhomogeneities, so the 
statistical tests are applied to each independent station. Relative methods use data from the 
surrounding stations (reference stations) to homogenize the candidate station. 

While both approaches are worthwhile and valid, they both have drawbacks. With the absolute 
method it is difficult to determine if a change-point is caused by climatic change factors. To 
overcome this problem, metadata support from station history information is essential for evaluating 
the breaks detected. This is the reason why some authors, like [9], advising that absolute 
homogenization methods are to be avoided in favor of relative methodologies. The relative methods 
attempt to isolate the impacts of non-climate factors, which assumes that in a geographical area the 
climate patterns are identical and all sites observed in the region reflect the same pattern. Therefore, 
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the same climate data collected from all sites of the region should be highly correlated and have 
similar variability, but different conversion factors and random sampling variability. However, it 
will also cause problem if the observation stations and other elements change at the same time [5]. 
Another issue is how to select surrounding stations that are free from artificial discontinuities in 
order to be used as reference stations. According to [10], a good reference series should be 
homogeneous and highly correlated with the candidate series. Although the use of reference series 
has some flaws, most of the studies on homogeneity are still based on the effective use of the 
reference series, taking the following four steps: 1. metadata analysis and basic quality control, 2. 
establishment of the reference series, 3. change-point detection, 4. data adjustment. The ability of 
the test can be improved if the effective reference series are used [5]. 


2.3 Multiple breakpoint techniques 

One of the fundamental problems of homogenization is the fact that usually more than one 
breakpoint is present in the candidate time series [11]. The majority of the statistical 
homogenization methods deals with this problem by applying single-breakpoint techniques multiple 
times [12]. The disadvantage of this segmentation process is that the same test applied several times 
on the same observations can increase the risk of false detection [13]. 

Multiple breakpoint methods are those that detect and correct multiple change-points jointly, and 
not step-by-step. Recent studies indicate that these are the most effective detection procedures [14]. 


3. STATISTICAL HOMOGENIZATION METHODS 


In this section the main statistical homogenization methods that are used to correct the 
inhomogeneities in every kind of time series, not only in climate data time series, are described. 
These methods could be classified in four categories based on their characteristics: non-parametric 
tests, classical tests (traditional techniques), regression models and Bayesian approaches [12]. 
The most common non-parametric tests used for homogeneity testing are: 
* Von Neumann ratio test [15] 
e Wald-Wolfowitz runs test [16] 
e Mann-Kendall test [17, 18] 
e Wilcoxon-Mann-Whitney [19, 20] 
e Kruskal-Wallis test [21, 22] 
e  Pettitt's test [23] 

Statistical classical tests are those which correspond to traditional homogenization techniques. 

The most important are: 

e Double mass analysis [24] 
e  Craddock's test [25] 

* Bivariate test [26] 

e  Buishand Range test [27] 

The three methods using regression models are: 
e Two-phase regression [28] 

* Multiple linear regression [29] 
e Method of cumulative residuals [30] 

Bayesian methods have a different approach from classical techniques. Through a prior 
distribution, the Bayesian approach acquires some knowledge about the climate variable being 
studied. The main methods of this category are: 

* Bayesian multiple change-point detection in multiple linear regression [31] 
* Bayesian change-point in multiple linear regression [32] 
* Bayesian change-point algorithm [33] 
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* Bayesian multiple change-point and segmentation algorithm [34] 
e  Change-point detection algorithm [35] 
* Bayesian Normal Homogeneity Test [36] 


4. HOMOGENIZATION PROCEDURES 


There are some techniques that were directly proposed as methods for the homogenization of 

climate data time series. These are: 

e SNHT- Standard Normal Homogeneity Test [37] 

e SNHT with trend [38] 

e MASH- Multiple Analysis of Series for Homogenization [39] 

e PRODIGE [40, 41] 

e Geostatistical simulation approach [42] 

e ACMANT- Adapted Caussinus- Mestre Algorithm for homogenizing Networks of Temperature 

series [43] 

e ACMANT? for homogenizing daily and monthly precipitation series [44] 

The Standard Normal Homogeneity Test (SNHT) [37] is one of the most popular and robust 
homogenization methods for climatic variables. The application of SNHT begins with the creation 
of a composite (ratio or difference) series between the station values and some regional reference 
values assumed homogeneous. This composite series is then standardized. At a given moment, 
averages are calculated for the previous and the following period of that composite series. If the 
difference between those averages meets a critical value, a shift is inferred to exist at that moment, 
and the series is said to be inhomogeneous. Later, [38] improved the SNHT method to extend its 
detection to trends as well. 

The Multiple Analysis of Series for Homogenization (MASH) [39] was one of the first multiple 

breakpoint techniques. Currently, it is based on mutual comparisons of series within the same 
climatic area, and does not assume a homogenized reference series. 
A new multiple breakpoint technique named PRODIGE, proposed by [40, 41], is based on 
penalized likelihood methods. The methodology uses a pairwise comparison for preselecting a set 
of accidents, which are considered within the framework of a multidimensional approach. This 
method is based on the principle that the series is reliable between two change-points. 

The Geostatistical simulation approach proposed by [41] can be summarized as the Direct 
Sequential Simulation (DSS) algorithm, generates realizations of the climate variable through the 
resampling of the global probability density function (pdf), using the local mean and variance of the 
candidate station, which are estimated through a spatiotemporal model. 

Adapted Caussinus-Mestre Algorithm for homogenizing Networks of Temperature series 
(ACMANT), proposed by [43], is a relative homogenization technique applicable to monthly 
temperature series. Recently, [44] proposed a new unit for the homogenization of monthly or daily 
precipitation series, ACMANT2. This new version takes into consideration the climatic regions of 
snowy winters, by making a distinction between rainy season and snowy season and by searching 
the seasonal inhomogeneities with bivariate detection [12]. 

Both statistical homogenization methods described in the section 3 and homogenization 
procedures described in this section based on inhomogeneities detection and correction methods 
that are analyzed in section 2. In [12] there is a detailed table with all the homogenization methods 
and their characteristics. For example, the SNHT method, one of the most common homogenization 
method for climate data time series, which uses annual or monthly data, is a relative 
homogenization method and is usually applied to composite reference series. On the other hand, 
MASH method is an objective homogenization method which uses annual, seasonal, monthly or 
daily data and is able to deal with multiple inhomogeneous references. 

5. HOMOGENIZATION SOFTWARE 
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In recent years, some of the homogenization methods already described in the previous sections 


were developed into software, in order to diminish the time consumed during the homogenization 
process and to minimize the interaction of users. According to [12], some of the most popular 
homogenization software packages are: 


Climatol [45] 

RHTest [46] 

AnClim and ProClimDB [47, 48] 

USHCN [49] 

HOMER [50] 

All these programs despite the ease and the speed that offer to the homogenization process, 


have some drawbacks, therefore it is very important that they will be upgraded and improved. 


6. CONCLUSIONS 


Nowadays, the importance of having accurate and precise climate data is fundamental for the 
complete study and research on climate change, which undeniably has a great impact on human and 
generally on Earth. For this reason, several homogenization methods have been developed. Their 
aim is to detect and correct any inhomogeneities that occur in climate data time series. This 
procedure is a very difficult and complex task. A really important thing in the homogenization 
process is the availability of historical information of the stations. This paper highlights the most 
significant and popular homogenization methods, the statistical homogenization tests that are used 
and some homogenization software packages that have been developed. 

Some general conclusions enunciated by the previous analysis are the following: 


Relative homogenization methods improve the homogeneity of climate data, while absolute 
homogenization techniques have the potential of making the data even more inhomogeneous. 
The selection of reference stations for the relative homogenization methods should be very 
careful process and it should be considered not only the distance and the correlation, but also the 
climatic and geomorphological characteristics 

Techniques that detect and correct multiple breakpoints and work with inhomogeneous 
references generally perform better than other methods. 

Collecting and processing of metadata should be enhanced. Important metadata which is used to 
evaluate the homogeneity of the surface climate series includes station relocation, instrument 
changes and destruction, the new statistical equations, changes of the surrounding environment, 
the times of the observation. Detailed metadata can provide necessary and objective support and 
will promote the development of homogenization research. 

A homogenization method is considered efficient when is able to overcome two problems: the 
fact that nearby stations are also inhomogeneous, and the existence of more than one irregularity 
within the time series. Depending on the used techniques, some homogenization methods can be 
more appropriate for a specific climate variable (e.g. temperature), while others can only be 
used at a given time scale resolution (e.g. monthly data). In order to assess their efficiency, 
numerous comparison exercises are described in the literature. Comparison studies also proved 
the difficulty of indicating which method is the most efficient. The ultimate goal of 
homogeneity research is to establish procedures of data products that can be regularly updated 
and used in operational procedures. Hence, these need to be continuously improved by 
comparing different homogeneity methods currently being used. 

Homogenization algorithms developers should invest more effort into making their software 
easy to use and to include relevant warnings [12], as the automatic process has many 
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advantages, such as objectivity, speed and applicability in homogenization processes in very 
large climate data time series. 

e According to [51] and [12], there are very few studies for homogenization of precipitation data, 
thus this issue should be a priority in homogenization research. This kind of data requires much 
great effort, as their variability is more spatially complex. 
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Abstract 


The aim of the present study was the development of a plugin tool in Quantum Geographical 
Information System - QGIS 2.10.1 Pisa, for pressures — impacts analysis, according to the specifi- 
cations of the European Water Framework Directive 2000/60 (WFD) and the recommendations of 
the WFD Common Implementation Strategy IMPRESS Working Group. The methodology that was 
automated, was first applied in Gallikos River basin during a case study about its ecological status 
that was carried out in the context of the Interdisciplinary Postgraduate Program of Studies 
Ecological quality and water management at a River basin level. The data on which the tool was 
developed come also from the aforementioned study, in which in situ data are also included 
(biological, physico-chemical and hydromorphological elements) from 14 field samples along the 
Gallikos River (May 2013). The tool calculates pollution pressures and pressures from 
morphological alterations, estimates the significant ones by comparing them to thresholds, coming 
from legislation and literature, and assesses impacts and risk of not achieving WFD environmental 
objectives per surface water body applied each time. 

The tool was developed using the QGIS Plugin Builder, while the graphical user interface 
(GUI) was designed in Qt Designer (with QGIS 2.10.1 Custom Widgets) and the related functions 
were programmed using Python 2.7 programming language and the PyQt bindings (Qt4). The tool 
is accessed through a button on the main QGIS Menu and a user friendly GUI. Data on which it can 
be applied must be of a certain format and should refer to one surface water body each time. 
Addition of new fields and attributes in the attribute tables of shapefiles, area and length 
calculations, application of spatial analysis method (intersect), selection by attributes, addition of 
new shapefiles and drawing of new layers on the QGIS canvas and exporting results in text file 
(.txt) are the basic functions on which the tool was developed. The tool is useful during the 
pressures — impacts analysis as, it achieves automation of the relative computational, logical and 
cartographical processes and produces accurate results in a short time, thus reducing the human and 
time effort as well as the chances of error when applying the methodology. 


Keywords: QGIS; Plugin; Pressures — Impacts analysis (IMPRESS); Water Framework Directive. 


1. INTRODUCTION 


The objective of pressures — impacts analysis, which is required under Article 5 of the European 
Water Framework Directive 2000/60 (WFD), is the risk assessment per water body of not achieving 
the environmental objectives that the WFD sets for each water category. According to Guidance 
Document No 3, produced by the Common Implementation Strategy IMPRESS Working Group 2.1 
- Analysis of Pressures and Impacts [1] - the key components in the analysis of pressures and 
impacts are to (1) identify driving forces and pressures, (ii) identify potentially significant pressures, 
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(iii) assess the impacts along with monitoring data and (iv) evaluate the likelihood of failing to meet 
WFD objectives. The results of the pressures - impacts analysis are crucial when designing 
monitoring programs and developing and selecting the appropriate measures. Pressures can come 
from point and nonpoint sources of pollution, morphological alterations, and hydromorphological 
modifications or can be other types of pressures. A pressure can be significant if, on its own or in 
combination with other pressures, contributes to an impact that may result in the failing of a WFD 
objective. As stated in the GD No 3 “this requires an understanding of the nature of the impact that 
may result from a pressure, and appropriate methods to monitor or assess the relationship between 
impact and pressure". Furthermore, the results of the pressures — impacts analysis should clearly 
and transparently help differentiate and prioritize measures to be applied for these water bodies 
failing to meet the WFD objectives. For that it is important that pressures are allocated to their 
sources and therefore to the responsible sectors (e.g. agricultural, industrial, urban activity), so that 
measures can later be designed based on the required reductions of the pressures intensity to such 
levels that permit the achievement of WFD environmental objectives [2]. 

Pressures - impacts analysis constitutes a multistep process, requiring management and 
synthesis of many data coming from different sources. The purpose of this study was to develop a 
plugin tool in a Free and Open Source Software (FOSS) Geographic Information System (GIS), the 
Quantum GIS (QGIS), in order to be applied in the pressure — impacts analysis, under the WFD 
requirements and the recommendations by the IMPRESS Working Group. QGIS was chosen as it is 
free to download, easy to set up and use, while at the same time it is strongly supported by on line 
material and help. QGIS is published under GNU General Public License (GPL) and is considered 
as one of the mature FOSS [3,4]. QGIS functionality can be extended through python console, 
Script Runner, Graphical Modeler or plugin development, by accessing the QGIS Python (PyQGIS) 
Application Program Interface (APD [5,6]. Through PyQGIS API, which is based on QGIS C++ 
API, every aspect of QGIS can be controlled. PyQGIS API is not often updated, but it is identical to 
C++ API, which is very well documented [7]. 

More specific the tool presented in this paper, was developed in order to automate the 
methodology applied during a case study in Gallikos River basin, about its ecological status which 
was carried out in the context of the Interdisciplinary Postgraduate Program of Studies of the 
Aristotle University of Thessaloniki “Ecological quality and water management at a River basin 
level". The data on which the tool was developed come also from the aforementioned study, in 
which in situ data are also included (biological, physico-chemical and hydromorphological 
elements) from 14 field samples along the Gallikos River (May 2013). Specific objectives were: (1) 
organize the data, (ii) automate the computational, logical and cartographical processes, (iii) design 
a user-friendly interface for the plugin tool, (iv) reduce time and human effort needed during 
pressures — impacts analysis and (v) produce accurate results, reducing the chances of error. 


2. MATERIALS AND METHODS 


2.1 Methodology 

The methodology, that was automated, requires calculations of pollution pressures (BODs, TN, TP, 
and TSS from urban, livestock and land uses) using immission factors coming from the literature 
[8,9,10] and calculation of pressures from morphological alterations using the proportion of 
different land uses in the study area (agriculture areas, length of the river running through 
agriculture areas, urban areas). Then, follows the estimation of the significant pressures, by 
comparing the magnitude of pollution pressures to thresholds set by the legislation [11,12], and to 
thresholds set by the literature, for the morphological pressures [13,14]. Finally, the assessment of 
the impacts and the risk of not achieving WFD environmental objectives per surface water body is 
done according to the Spanish WFD water pressures-impacts analysis method [9,15]. 
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The tool was developed as a plugin for QGIS 2.10.1 Pisa, using QGIS Plugin Builder. The 
Graphical User Interface (GUI) was designed in Qt Designer (with QGIS 2.10.1 Custom Widgets) 
and the related functions were programmed using Python 2.7 programming language and the PyQt 
bindings (Qt4). Pretty table 0.7.2, a Python library by Luke Maurits, was used in order to export the 


results to a text file in a readable format [16]. 


2.2 Data 


The tool implements pressures-impacts analysis per sub basin of a water body, so that pressures can 
afterwards be attributed to the water body. For that, and in order for someone to use the plugin tool, 
apart from that all required data should be stored in shapefiles and have the same Coordinate 
Reference System, all shapefiles should, at the same time, have the same geographical extension of 
the polygon shapefile that represents the sub basin of the water body, for which the analysis will be 
applied (Figure 1). The required shapefiles should hold the following information (Figure 2): (1) the 
settlements of the area, as points, along with the residents population and the type of urban 
wastewater management type per settlement, (ii) the settlements, as points, along with the livestock 
population per animal category and per settlement, (iii) the land uses, as polygons, according to the 
3" level coded of the Corine Land Cover 2000 program, (iv) the hydrographic network, i.e. the 
water body, as line, (v) the polygon shapefile representing the sub basin and optionally (vi) the 


sampling sites, as points, along with the monitoring data per settlement. 
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3. RESULTS AND DISCUSSION 


The tool is accessed through a button on the main QGIS Menu and a Graphical User Interface 
(GUI), which consists of three parts: Study Area, Pressures and Quality elements (Figure 3). The 
last part can be activated or deactivated, depending on the availability of monitoring data or not. If 
there are not available monitoring data, then the tool can implement only pressures analysis 
(calculation of pressures and estimation of the significant ones). If there are available monitoring 
data, then the tool implements also impacts analysis, thus estimating the risk for the water body not 
to achieve the WFD environmental objectives. In each part of the GUI, the user must select the 
appropriate shapefile and the fields of the corresponding attribute table that are being available once 
the shapefile is selected. Mean daily discharge field can be filled only if the Quality elements part is 
activated and this value is used in order to adjust the threshold values, for the significant pollution 
pressures, to the sub basin. 


IIl ————  —————  — € — 2 ——————— Study area 
Domestic loads Livestock breeding loads Land uses loads 


Sun basin vector layer 
Input vector layer Input vector layer Input vector layer 


Sub-basin 
SB: Residents & WW v SB: Stabled Livest ¥ SB: CLC2000 
Population Bovines Horses E Hydrographic network 
Pop X Bovines X Horses vector layer 


Z ^ E SB: Hyd: hic Ni z 
Wastewater management type | Female bovines s Poultry Cosine 2000 Codes ydrographic Netwo 


WiMnagType X | Bovines fe - Poultry CLC CODE Mean Daily Discharge (m3/s) 
A y (m5/s) 


a 


0.0592 


- 


(Emission factors 
| Domestic Livestock breeding Land cover 


adi Bovines | Female bovines | Sheep/goats | Pigs | Horses | 2 m 


zl 
| 
(BoD [164 q5 58.4 32.9 |146 A [TN 12 3 
[ ER m qp = - SS 


| Pastures.. | Agricultural areas | Forests | Urbai 


|n 
IK 


LL Ee a | 


Quality elements % activate 
Input vector layer Site name/Id Water Body type 


SB: Monitoring Dat v Site ID WB z 
Physicochemical 7 Hydromorphological Biological 
Air temperature (oC) Dissolove Oxygen (mg/L) NO2 (mg/L) QER score 
Zair E uo E Ea STARICMi score 
Water temperature (oC) TSS (mg/L) NH4 (mg/L) STAR 
T Wat c. TSS NH4 
pH Conductivity (mS/cm) PO4 (mg/L) 
pH Cond PO4 


HESY score 

HESY Save results as... 
BOD (mg/L) NO3 (mg/L) Discharge (m3 /s) 
BOD NOS Discharge 


Figure 3. Graphical User Interface 


Results are produced as new descriptive information added to the shapefiles attribute tables, as new 
layers added to the QGIS canvas (Table 1) and as a report in the form of a text file (.txt) (Table 1). 
A new shapefile is produced and added to the QGIS canvas, after the application of spatial analysis 
method Intersect for the shapefiles of land uses and the hydrographic network, in order to calculate 
the proportion of the river through the different land uses. 
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Table 1. Required data and results 


Phones Data Results 
Attribute table Attribute table New layer 
Urban 
Waste Residents population Pop Class y 
water 
Urban waste water management N 
type 
BODkgy, TNkgy, 
TPkgy, TSSkgy 
BODkgd, TNkgd, 
TPkgd, TSSkgd 
Sable Bovines population BODbov, TNbov, 
A TPbov, TSSbov 
livestock 
Female bovines population BODfbov, TNfbov, 
TPfbov, TSSfbov 
Sheep population BODsh, TNsh, 
TPsh, TSSsh 
Pigs population BODpig, TNpig, 
TPpig, TSSpig 
Horses population BODhors, TNhors, 
TPhors , TSShors 
Poultry population pe ul pd n 
BODkgy, TNkgy, 
TPkgy, TSSkgy 
BODkgd, TNkgd, 
TPkgd, TSSkgd 
Areaha, 
3" level Corine Land Cover level Gen. Categ, Y 
Land uses codes Specific, Sel_Categ x 
TNkgy, TPkgy 
TNkgd, TPkgd 
Monitoring Indices 
data QBR[17], HMS[18], IHF[19] QBRexpl, HMSexpl, IHFexpl y 
STAR[20], HESY[21] STARexpl, HESYexpl y 


As shown in Figure 4, the text file consists of two parts. The first part, which can only be read 
but not inserted in a proper way in other software, and the second part, which consists of the same 
results but in such a format that permits their insertion in other software (with «?» as delimiter). 
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>>PRESSURES FROM POINT & NON POIN SOURCES OF POLLUTION - RIVER BASIN 
Table a: Stabled livestock emissions loads in the sub-basin 
Table b: Land uses: Area & Immissians loads for selected categories of land uses in the sub-basin 
Table c: Emissions loads [ke/d) in the sub-basin fram all point sources of pollution 
Table d: Immissions loads [kg/d) in the River basin from all point sources of pollution 
Table &: Participation rate of each point source of pollution in a pollutants total immissions loads 
[kE/d;] 
Table f: Permitted levels of pollutant loads [kg/m3] 
Table g: Total permitted levels of Total M, Total P, BOD and TSS for the River basin 
Significant pressures from paint & non-point sources of pollution 


>>PRESSURES FROM MORPHOLOGICAL ALTERATIONS - RIVER BASIN 


Table h: Land uses in the sub basin [general categories} 
Table i: River length through the different sub-basin land uses (general categories! 
--—---- Significant pressures from morphological alterations 


22MONITORIMG DATA: BIOLOGICAL, PHYSICOCHEMICAL & HYDROMORPHOLOGICAL ELEMENTS 


Table j: Min, max, mean and range values for Physico-chemical parameters 

Table k: Sampling sites exceeding permitted limits for fish life and drinking water 

Table l|: OBR, RHS-HMIS, IHF indices per River sampling site 

Table m: Water quality assessment according to HESY and STAR ICI: indices per River sampling site 


Part B 

txt file with delimiter "?" —-—— 
Example: 
Female bovines S17 72221999154 14715 2479554 19925 2121 7136.07 7.09 
Sheep/gost?2857.51758.387820.01780.3277255 84757 6570.070.0 
Pigs"35.5270.85711.227?1.1171560.53?1.5?121.01?0 54 
Horses?18.547n.4473.1370.31728. 470.2670. 070.0 
Poultry2?i1639.89?4 07 0 070.027 76.02 70. 719198 3270.89 
Domestic?317.837"108.68758.437 
Livestock #2145 059625 87730 4722228.45 


Figure 4. Results in the text file 


4. CONCLUSIONS 


QGIS proved easy to install, user-friendly, while at the same time it provides different and 
powerful ways to extend its functionalities. Both directly from the menu and through the 
development and use of plugins, QGIS provides all those features that are necessary for the 
management, processing, and visualization of the data required in the methodology which was 
automated. The plugin tool developed and presented in this paper, is useful during the pressures — 
impacts analysis as, it achieves automation of the relative computational, logical and cartographical 
processes and produces accurate results in a short time, thus reducing the human and time effort as 
well as the chances of error when applying the methodology. The tool calculates pollution pressures 
and pressures from morphological alterations, estimates the significant ones by comparing them to 
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thresholds set by the literature and legislation, and assesses impacts and risk of not achieving WFD 
environmental objectives per surface water body according to the Spanish WFD water pressures - 
impacts analysis method. 

In its current version, the tool can be used: 
- A For the pressures-impacts analysis methodology for which was developed and the production of 
results in the following ways: as new descriptive information added to the shapefiles attribute 
tables, as new shapefile and layers added to the QGIS canvas and as a report in the form of a text 
file (.txt). 
- For the pressures-impacts analysis at a sub-basin level (i.e. per surface water body), so that 
pressures can afterwards be attributed to the water body. 
- With or without monitoring data, activating or deactivating the corresponding part of the GUI. 

It should be noted that with the current version of the tool, not all possible pollution pressures 
are under consideration (e.g. industrial, mining activities, aquacultures etc.). Therefore, the 
inclusion of more criteria concerning pressures and the development of the tool to run 
independently of the sub basins number (and not for one sub basin at a time), are some of the 
coming improvements, along with the code optimization and the GUI improvement after users 
evaluations. Finally, more spatial analysis methods could be included (e.g. zone buffering, 
DRASTIC model for underground water bodies, spatial interpolation methods in order to estimate 
parameters where no monitoring data is available etc.), making the tool more powerful in the 
pressures — impacts analysis. 
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Abstract 


To explore better bioindicators of perfluoroalkyl acids (PFAAs) for health risk assessment, the 
contents of total fluorine (TF), extractable organic fluorine (EOF) and 15 target PFAAs in human 
serum (n=60), hair (n=49) and nails (n=39) from Guangdong, China, were measured using cyclic 
neutron activation analysis (CNAA) combined with high performance liquid chromatography- 
tandem mass spectrometry (HPLC-MS/MS). This hybrid method provides both bulk contents of 
TF, EOF and concentrations of target PFAAs species in samples. The results indicated that EOF 
was the major form of fluorine in serum, accounting for 70 96-80 96 of TF, but the minor form in 
hair and nails, accounting for 11 96-41 96. In serum, hair and nails, the level of identified fluorine, 
which is the concentration of all target PFAAs expressed as elemental fluorine, each contributed 
less than one third of EOF. The contents of X PFAAs and EOF in the three matrices were in the 
orders of nail ~ hair >> serum and nail >> hair >> serum, respectively. Significant positive 
correlations were observed between nails and serum for the three major PFAAs species, including 
Perfluorooctane sulfonate (PFOS, p<0.01), perfluorooctanoic acid (PFOA, p<0.05) and 
perfluorohexane sulfonate (PFHxS, p<0.01), suggesting that human nails, a non-invasive sample, is 
a promising bioindicator for PFAAs risk assessment. 


Keywords: bioindicator; perfluoroalkyl acids (PFAAs); perfluorooctane sulfonate (PFOS); 
perfluorooctanoic acid (PFOA); human serum; hair and nails 


1. INTRODUCTION 


Perfluoroalkyl acids (PFAAs), though widely applied in industrial and daily products as outstanding 
surfactants, accumulate in biosphere and cause mitochondrial disorder, fat metabolic disturbance, as 
well as intoxications in reproduction and nervous system, etc [1]. Furthermore, considering that 
perfluorooctane sulfonate (PFOS) and its sulfonate derivative possess strong environmental 
persistence, high bioaccumulation, toxicity and capability to transmit in long range, the Stockholm 
Convention added 9 new persistent organic pollutants (POPs) including PFOS and its sulfonate, 
perfluorooctane sulfonyl fluoride, into the latest blacklist on August 26", 2010 [2]. This attracted 
high attention to the health risk evaluation of PFAAs in human body, which requires suitable 
biological samples. 

Absorbed PFAAs mainly bind with serum proteins [3] and stay in serum, which usually 
indicates the PFAAs exposure risk in human body. However, blood collection has various 
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deficiencies, including injuries, legal restrictions, high cost, inconvenient storage, etc. In contrast, 
hair and nails are easy for collection and storage, which prevents the possibility of infection caused 
by invasive sampling. Their collections are not restricted by age, gender, or regions, etc. More 
importantly, through the abundant capillaries in hair follicles and nail beds, PFAAs can enter and 
deposit in hair and nails. Hair and nails consist of keratin, which is resistant against acid, alkali and 
enzymatic degradations, thus can record the historical levels of chemicals in body [4]. Therefore, to 
determine the feasibility of evaluating human PFAAs exposure through hair and nails, it is 
particularly necessary to compare the PFAAs residues in serum with those in hair and nails. 

Currently, high performance liquid chromatography-tandem mass spectrometry (HPLC- 
MS/MS) is the most effective way to analyze PFAAs. However, most PFAAs have no standard 
substances and cannot be analyzed by chromatographic analysis. Therefore, PFAAs analysis should 
be combined with total fluorine (TF) and extractable organofluorine (EOF) bulk analysis to reduce 
its dependency on standard substances and reflect the PFAAs residues in samples more objectively. 

Cyclic neutron activation analysis (CNAA) is a non-invasive nuclear method for TF 
measurement with small matrix effect. Therefore, it requires no pretreatment and possesses strong 
traceability. Besides, CNAA is especially appropriate for analyzing short-lived nuclides (ti/2<60s) 
including F(t =11.03 s), because it increases the signal-noise ratio (SNR) and counting rate of 
short-lived nuclides significantly by periodically repeating the procedure of traditional neutron 
activation analysis (irradiation — cooling — counting). Because of the stable and high neutron flux 
(10- 10" n-cm?.s') supplied by miniature neutron source reactor (MNSR), as well as the features 
of “°F from the nuclear reaction '"F(n, y) °F, it is convenient for CNAA to quantitatively analyze 
trace TF and EOF in samples. 

We combined HPLC-MS/MS and CNAA to determine the concentrations of TF, EOF, 
identified fluorine (IF, total concentration of identified PFAAs quantified as fluorine) and PFAAs in 
human serum, hair and nails. The correlations and significant differences between TF, EOF, IF and 
PFAAs in different matrices and sample groups were also analyzed. This study aimed to evaluate 
the potential of hair or nails as more appropriate biological samples for reflecting human exposure 
levels of new POPs. 


2. MATERIALS AND METHODS 
2.1 Sampling and pretreatment 


Samples of serum (n=60), hair (n=49, including 10 permed or dyed hair) and nails (n=39) were 
obtained from volunteers age 19-26 in Shenzhen University during June and August, 2009. 

Blood samples of about 10mL were collected from each volunteer using venipuncture into 
clean polypropylene (PP) tubes that were pre-rinsed with methanol. Serum was separated from 
blood by centrifugation at 4000 rpm for 15 min after coagulation. Supernatant was transferred to 
another clean PP tube, and stored at -20°C . Further pretreatment for serum is outlined in Fig. 1. 

Nails and hair samples were separately placed into 15mL and 50mL PP tubes and washed twice 
with 1% aqueous solution of Triton-100 in an ultrasonic bath for 20 min, rinsed three times with 
ultrapure water and once with acetone to remove exogenous contamination, then dried at room 
temperature. The washed nails and hair samples were cut into pieces of about 3mm and wrapped in 
foil. Further pretreatment for nails and hair is outlined in Fig. 2. 
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Serum 
0.2 mL 1 mL 


2 ng internal standards 
TBA solution 
KCO; buffer KCO; buffer 
Vortex mixing Vortex mixing 
5mL 5mL MTBE 
Shake Shake 


Repeat Ultrasonic Ultrasonic Repeat 


Centrifuge Centrifuge 


Water phase MTBE MTBE Water phase 


Dried with nitrogen and dissolved in 1 mL methanol 
Filter with 0.2um filter membrane 
CNAA for TF HPLC-MS/MS for PFAAs CNAA for EOF 


Figure 1: Procedure of serum pretreatment 


Washed hair or nails 
0.2g lg 


5 ng internal standards 
KOH/methanol (0.1 mol-L !) 


Shake Shake 
Repeat —> Centrifuge Centrifuge «—Repeat 
polyethylene 
tube Precipitate Supernatant Supernatant Precipitate 
polyethylene Dried with nitrogen and dissolved in 1 mL methanol 
rabbit 8mL 2% formic acid aq. 


WAX cartridge polyethylene rabbit 


Dried with nitrogen 
Filtrated with 0.2 um nylon filter 


CNAA for TF HPLC-MS/MS for PFAAs CNAA for EOF 


Figure 2: Procedure of hair and nails pretreatment 


2.2 Analysis 

TF and EOF in serum, nails and hair were determined by CNAA on a MNSR at Shenzhen 
University, under a neutron flux of 9x10!!cm?-s! and the conditions of irradiation time (tj) = 
counting time (te) = 30 s, delay time (ta) = waiting time (tw, time between the end of counting and 
the start of irradiation) = 2 s, for 7 cycles. 0.2 mL serum, 0.2 g hair or 0.2 g nails was used for TF 
determination (Fig. 1&2). Serum was heat-sealed into a 1.5 mL centrifuge tube, then into a capsule. 
Hair and nails were heat-sealed into a polypropylene bag (1.5x1.5 cm’), then into a capsule. 1.0 mL 
aliquots of extracts of serum, hair and nails were taken respectively for EOF determination. The 
extract was heat-sealed into a 1.5 mL centrifuge tube, then into a capsule (Fig. 1&2). The capsules 


13" International Conference on Protection and Restoration of the Environment 651 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


were separately irradiated in the inner channel of the MNSR for CNAA. The signal of VE (tin=11s, 
E,-1633 KeV) from PF(n, y?F was measured by a high pure germanium coaxial detector (1896 
relative efficiency, ORTEC) coupled with a high throughput digital spectrometer (DSPEC Plus 
multichannel analyzer, ORTEC). Relative method was used for quantification and the interference 
coefficient of 0.012 ? was used to subtract the interference of Na to F from "'Na(n, a)°°F. The limits 
of detection (LOD) for TF in serum, hair and nails were 0.58 ug, 0.61 ug and 0.60 ug, respectively, 
while the LOD for EOF in the three matrices was 0.20ug. 

PFAAs in serum, nails and hair were determined on a tandem mass spectrometer (API 3000, 
Applied Biosystems, Foster City, USA) connected to an high performance liquid chromatography 
(Agilent HP1100). A 20uL aliquot of extract was injected into a XDB C18 column 
(2.1mmx150mmx3.5um, Agilent, USA) with column temperature of 50 °C and flow rate of 0.3 
mL/min. The mobile phase consisted of methanol (A) and 2 mmol-L'! ammonium acetate (B). The 
triple-quadruple mass spectrometer was operated in the negative electrospray (ESI) mode with 
multiple-reaction-monitoring (MRM). The gradient elution program and mass spectrometric 
parameters of target compounds are same as another study [6]. 


2.3 Quality Assurance and Control 

For CNAA, centrifuge tubes, polyethylene bags and capsules were pre-rinsed with HNO; and H20. 
Their blanks were carefully checked and no signal was observed at 1633 KeV. The interference of 
Na to F was subtracted from all results. For PFAAs, all vessels were pre-rinsed with methanol and 
analyses were performed in a series of 5 samples and 1 blank. Ultrapure water and thoroughly 
extracted hair and nails were used as blanks for the three matrices and the blanks were subtracted 
from all results. Bovine serum and thoroughly extracted hair and nails were spiked with target 
analytes for recovery tests (n=4). Internal standards were used for quantification. The LOD of 11 
PFAAs ranged from 0.09 to 0.41 ng: mL !. The recoveries of 11 PFAAs ranged from 83 % to 116 96 
in bovine serum, 76 96 to 137 % in hair and 68 % to 130 % in nails. All statistical analysis was 
performed using SPSS 13.0 and the figures were constructed with Origin 6.0. 


3. RESULTS 


3.1 TF, EOF and IF levels in serum, hair and nails 

The mean TF, EOF and IF were 0.28, 0.21 and 0.020 ug: mL'! in serum, 2.0, 0.55 and 0.044 ug: g 
in natural hair, 3.9, 0.76 and 0.06 ug- g` in treated hair, 4.2, 1.6 and 0.047 ug- g" in nails. TF, EOF 
and IF in serum are significantly lower than in natural hair (p<0.01), dyed or permed hair (p«0.05) 
and nails (p«0.01). TF and EOF in nails are significantly higher than in natural hair (p<0.01). 
Serum IF in Shenzhen is significantly higher than in Guangdong rural area (p«0.01). TF, EOF and 
IF in dyed or permed hair are significantly higher than in untreated hair (p«0.05). 


3.2 PFAAs residues and distributions in serum, hair and nails 
The detection rate of serum PFAAs range in the order of PFOS = PFHxS = PFOA (100%) > PFDA 
(95%) > PFNA (93%) > PFUdA (75%) > PFDoA (70%) > PFTrDA (68%) > PFHpA (39%) > 
PFHxA (33%). Short- and medium-chain PFAAs are the main residual species, accounting for 96% 
of YPFAAs. Hierarchical analysis showed that in human serum, PFOS( R’=0.2246) and 
PFOA ( R7=0.1848) are the typical residues of PFSAs and PFCAs, respectively. In addition, the 
levels of serum PFOS, PFOA, PFUdA in Shenzhen are significantly higher than in Guangdong rural 
areas (p<0.01), while the levels of serum PFOS, PFHxS, PFUdA and PFTrDA in males are 
significantly higher than in female (p«0.01). 

Long-chain PFAAs were not detected in hair and nails, while short- and medium-chain PFAAs, 
including PFOS, PFOA, PFHxS, PFHxA and PFOS, PFOA, PFHxS, PFHpA, PFPeA, are the main 
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residual species in hair and nails respectively. Moreover, hierarchical analysis showed that PFOS is 
the predominant PFAAs in hair (R*=0.3714) and nails (R°=0.4143). Nail PFOS (p«0.05) and 
PFHxS (p«0.01) in Shenzhen are significantly higher than in Guangdong villages, PFOA (p«0.05) 
in permed or dyed hair is significantly higher than in untreated hair. No other significant differences 
were discovered. 

PFOS and PFOA in nails are significantly higher than in serum (p«0.01) and hair (p«0.01). In 
hair, PFHxS is significantly higher than in serum (p«0.01) and nails (p«0.01), while PFOS and 
PFHxA are significantly higher than in serum (p«0.01). Such significant differences were not 
shown by other PFAA. 


3.3 Spearman correlation among TF, EOF, IF and PFAAs in serum, hair and nails 

We compared the average concentrations of TF, EOF, IF and PFAAs in serum, untreated hair and 
nails. There are significant positive correlations among TF, EOF, IF in serum (p«0.01), as well as 
between TF and EOF in nails (p<0.05). In serum, there are significant positive correlations between 
PFOS and PFHxS (p<0.05), as well as between PFOS and PFOA (p«0.01). In serum, PFOA also 
significantly correlates with PFNA, PFDA, PFUdA (p«0.01), respectively. Similarly, we observed 
positive correlation between PFOS and PFHXxS in untreated hair (p<0.05). Moreover, PFOS in nails 
has positive correlation with PFHxS (p«0.01) and PFPeA (p«0.05), while PFPeA positively 
correlates with PFHpA (p«0.05). The correlations among TF, EOF, IF and PFAAs in the three 
matrices are compared. PFOA in serum and untreated hair (p<0.05), PFHxS (p«0.01), PFOS 
(p<0.01), PFOA (p«0.05) in serum and nails, as well as TF (p<0.01), EOF (p«0.05), IF (p«0.05), 
PFOS (p«0.05) and PFOA (p«0.05) in natural hair and nails, are all positively correlated. 


4. DISCUSSION 

The residues of fluorinated chemicals in Guangdong serum distribute in the order of TF>EOF>>IF. 
About 70 96 of fluorinated chemicals in serum exist as EOF, corresponding with the level of organic 
fluorine in serum, which ranges between 73 % [7] and 85 % [8]. The fluorides in hair and nails exist 
in the order of TF>EOF>>IF, corresponding to their distribution in serum. However, differing from 
in serum, EOF in hair and nails are secondary compositions making 11 % to 41 % of TF. Fluorine 
in human body participates in transportation as ions, mainly congregating in bones and teeth. 
Fluoride ion combines with Ca?*, Mg", etc, and deposit in hair and nails, resulting in high level of 
inorganic fluorine in these tissues [9]. In serum, hair and nails from Guangdong, IF makes 4.6 96 to 
33 % of EOF, leaving 67 96 to 95 96 of EOF as unidentified fluorine. 

Among the three matrices, TF and EOF are distributed in the order of nails > untreated hair > 
serum, while IF is distributed in the order of nail ~ hair > serum. Hair and nails consist of keratin. 
The nutrients they need are supported by hair follicles and nail bases rich in capillaries. The 
metabolic rates of hair and nails are much lower than that of serum, while PFAAs mainly bind with 
proteins. This leads to higher EOF and IF in hair and nails than in serum. 

PFAAs in serum, hair and nails mainly exist in short- and medium-chains, while the detection 
rate of long chain PFAAs is low. This might be caused by: 1) long-chain PFAAs have low volatility 
and solubility, so are difficult to enter the environment and human body. 2) long-chain PFAAs tend 
to degrade into medium or short chains, which are more stable. In the three matrices, PFOS, PFOA 
and PFHxS are the typical remaining species, making 41 96 to 80 96, 8 96 to 37 % and 5 96 to 35 96 
of YPFAASs, respectively. This corresponds with the reference reports [10, 11]. Compared to 
PFCAs, PFSAs accumulate more easily in organisms of high trophic levels [12]. PFOS also has 
longer half life (5.4 years) than PFOA (3.8 years) [13]. Therefore, PFOS is higher than PFOA in 
serum, hair and nails. 

The serum PFOS (p«0.01), PFOA (p«0.01) and PFUdA (p«0.01), as well as the nail PFOS 
(px0.05) and PFHxS (p«0.01) in Shenzhen are significantly higher than those in Guangdong 
villages. This could be caused by various diets and residence environments. Compared to rural 
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populations, Shenzhen citizens use more modern textiles, cookers, electronic devices and makeup, 
as well as more packaged food and seafood, raising the exposure to PFAAs. Guruge [14] noted that 
industrial pollution with limited purification, as well as more developed lifestyle, adds to the risk of 
PFAAs exposure. Meanwhile, Hanssen [15] noticed that various life conditions, residences and 
diets between rural and urban areas are one of the reasons for city serum PFAAs being higher than 
villages. The difference in Guangdong serum PFAAs between genders shows that PFHxS, PFOS, 
PFUdA and PFIrDA are significantly higher in male than in female (p«0.01), which can be related 
to women's menstrual bleeding [16, 17] and the higher alcohol intake among men. Melzer [18] 
measured PFAAs in nearly 4000 serum samples in America and found that PFOS and PFOA in 
serum is apparently related to alcohol intake (p«0.01). Among males, The PFOS remain was also 
found significantly higher in drinkers than non-drinkers. 

Dyes and perm agents usually contain PFAAs. The dyeing and perming of hair open hail scales 
to let the agents in. PFOA is more filtrating than PFOS [19], which causes higher PFOA level in 
treated hair than in untreated hair (p«0.05). 

Concurring with previous reports [10, 20], the PFOS and PFHxS in serum, hair and nails are 
positively correlated (p«0.05), indicating that they have similar exposure channels, or that PFOS 
can degrade into PFHxS under light [21]. Meanwhile, PFOA is positively correlated to PFPeA and 
PFHpA in serum, hair and nails (p<0.01). This is due to the FTOHs in body degrading into PFOA 
[22], which further degrades into PFAAAs of C4-C7 [23]. Corresponding to Justina’s report [24], 
PFOS and PFOA in serum have significant positive relationship (p<0.01). The reasons include: 1) 
the production and application of PFAAs surface reagents release chemicals like N-EtFOSE and 
FOSA, which could degrade into PFOS and PFOA [25, 26]; 2) breathing is an important intake 
channel for PFAAs, while researches discovered that PFOS and PFOA in indoor air and dust are 
positively related (p«0.05) [27]. 

Currently, blood is the usual sample for human PFAAs analysis. However, blood sampling is 
limited by law and inconvenient for large-scale exposure assessments. The typical PFAAs remain in 
nails are PFOS, PFOA and PFHxS, same as in serum. Meanwhile, PFHxS (p«0.01), PFOS (p«0.01) 
and PFOA (p«0.05) in nails are positively correlated to those in serum, and are significantly higher 
(px0.01). Because PFAAs have much lower metabolic rate, as well as higher and more stable 
remain, in nails than in blood, it is indicated that nails is a potential bio-indicator that reflects 
PFAAs exposure better. 
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Abstract 


South African bentonite clay was converted into a promising adsorbent for fluoride ions after its 
chemical loading with iron(II) oxides. Results showed that iron(III) oxide coated bentonite clay is 
an alumino silicate material with a, has a surface area of 132.3018 m^. g'! and quartz is the major 
mineral phase on the clay. A batch fluoride sorption system was applied and the system variables 
investigated included the following: initial concentration of the sorbate, agitation time, adsorbent 
dose and pH. The iron(III) oxide coated bentonite clay reduced the fluoride concentration to 0.789 
mg L” from 5 mg L''. A maximum fluoride removal capacity of 1.596 mg-g' was recorded at an 
initial fluoride concentration of 80 mg.L'!, which was higher compared to the unmodified bentonite. 
Between the pH range of 6 and 9 the removal capacity was above 7096 and the material exhibited 
minimal metal leaching. The adsorption kinetics fitted the pseudo second order model indicating 
chemisorption. The high adsorption capacity of iron(II) oxide coated bentonite clay indicates the 
potential use of this adsorbent for fluoride removal from aqueous media. 


Keywords: fluoride; bentonite clay; iron(III) oxide; adsorption isotherms; kinetics; thermodynamics. 


1. INTRODUCTION 


Water is critical to life on earth and in some circumstances it can be the medium for life itself. 
However, reservoirs have much water that is usually altered from their original concentration by 
interactions with mineral weathering [1]. This alteration especially occurs in groundwater and one 
common example of groundwater contamination through water-rock interaction is leaching of 
fluoride from fluoride bearing rocks. 

The World Health Organization (WHO) classifies fluoride as one of the contaminants of water 
for human consumption. WHO has set a guiding value of 1.5 mg/L for fluoride in drinking water 
[2], while the South African drinking water standard has also set the limit at 1.5 mg/L [3]. Studies 
done in South Africa have revealed that the occurrence of dental fluorosis in many South Africans 
is related to the fluoride content of groundwater used for drinking purposes [4]. Therefore, 
mitigation of fluorosis is a very significant area of research and needs continued attention until a 
reliable defluoridation technology is developed. 

Several defluoridation methods including precipitation, ion exchange and membrane processes 
have been developed to deal with this problem [5]. However, the weaknesses of a lot of these 
techniques are numerous. They include high operational and maintenance costs, secondary 
pollution, production of toxic sludge and complex processes involved in the treatment [6]. In light 
of the above, consideration must be given to those methods that reduce the capital and running 
costs. Moreover they have to be affordable and available to small communities, especially in rural 
areas located in developing countries that do not have adequate and effective water treatment 


656 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


technologies. Among the above mentioned methods, adsorption is regarded as the most promising 
method for the defluoridation of water due to the ease of operation, lower cost and being a relatively 
environmentally friendly process [7]. 

A number of studies have been performed using raw and modified clays for the defluoridation 
of contaminated water [8; 9; 10; 11]. The factors found to influence fluoride sorption include 
solution pH, clay surface area, structure, aluminum content, and the presence of certain 
exchangeable cations capable of forming fluoride precipitates. Bentonite clay can sorb fluoride in 
acid conditions and has a high pH dependency [12; 13]. Although bentonite clay can adsorb many 
pollutants, its use as an adsorbent in a filtration mode is limited in practice because on contact with 
water, bentonite clay swells and forms a highly stable colloidal suspension, making its separation 
from water following adsorption very difficult [14]. Modification of bentonite is vital to increase its 
applicability potential for the adsorption of fluoride in a continuous flow regime. The objectives of 
this study are therefore: 1) to activate bentonite clay with NaOH 2) to coat bentonite clay's surfaces 
with iron (III) oxides and characterise the solid product 3) to evaluate the solid product for its water 
defluoridation potential. 


2 MATERIALS AND METHODS 


2.1 Modifying bentonite clay with NaOH and Fe;0; 

NaOH solutions of 0.01, 0.05 and 0.1M concentrations were used to activate the raw bentonite clay 
and various bentonite clay masses and agitation times were optimised. The activated bentonite clay 
was coated by varying Fe2O3 concentrations of 0.1 M, 0.3 M and 0.5 M and the shaking times were 
varied from 1 h to 3 h and 6 h. 


2.) Physicochemical and mineralogical Characterization 

Mineralogical composition of the clay was determined using a PANalytical X'Pert Pro powder 
diffractometer in 0—0 configuration. Elemental composition was determined using XRF (Thermo 
Fisher ARL-9400XP + Sequential XRF equipped with WinXRF software). Surface area was 
determined using BETanalysis (Micromeritics Tristar II, Norcross, GA, USA). The cation-exchange 
capacity of the clay was determined using the ammonium acetate method. Point of zero charge was 
determined by solid addition method 


2.3. Batch Adsorption experiments 

All the reagents used were of analytical grade (Rochelle Chemicals and Lab Equipment CC, South 
Africa Ltd). Fluoride stock solution (100 mg/L) was prepared by dissolving 0.221 g anhydrous 
sodium fluoride in 1 L of MilliQ water. This was further diluted to the desired concentrations for 
practical use. A known weight of the adsorbent was added to 100 mL of the desired fluoride 
solution in a 250 mL plastic bottle and then stirred on a reciprocating shaker at 250 revolutions per 
minute (rpm) at room temperature. After continuous stirring for a fixed time interval, the samples 
were filtered using a 0.45 um pore cellulose nitrate membranes and the fluoride concentration in the 
residual solution was measured by a fluoride ion selective electrode (Thermo Scientific Orion Star 
A215 pH/ Conductivity Benchtop Meter (USA) coupled to a 8157BNUMD Orion ROSS Ultra 
Triode pH/ATC electrode). A similar ion meter coupled with a pH electrode was used for 
measuring pH of the treated samples. Before fluoride determination, a total ionic strength adjusting 
buffer (TISAB 111) was added to the solutions in a ratio of 10:1 in order to maintain ionic strength 
and pH, and eliminate the interference effect of F ion complexing metal cations. The procedures 
were repeated to investigate the effect of adsorbent dose, initial concentration and pH. 


3. RESULTS AND DISCUSSION 
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3.1 Modifying bentonite clay: Optimisation of reaction conditions 

Optimization of conditions of activating bentonite with NaOH was performed using batch 
experiments and the following conditions were established: (60 min contact time, 1 g dosage and 
0.01 M NaOH concentration) 

On the basis of BET results, it was concluded that 0.5 M FeCl; and 6 h of agitation time were 
the optimum conditions of coating the NaOH activated bentonite clay with iron oxides since these 
conditions gave the highest surface areas of the clay. The NaOH activated bentonite had a BET 
Surface Area of 60.2992 m’/g. Upon modification with FeCl; the surface area increased by 
approximately 41%. 


3.2 Characterisation of the adsorbents 


3.2.1 Cation Exchange Capacity (CEC), Point of Zero Charge (PZC) and Brunauer Emmet 
Teller (BET) analysis 

Table 1 shows the characterisation results of CEC, PZC and BET surface area of the raw and 

modified bentonite clay. 


Table 1: CEC, PZC and BET surface area of the raw and modified bentonite clay. 


Raw bentonite clay Iron(IID) oxide coated bentonite 
CEC 142.04(meq/100g) 88.9(meq/100g) 
PZC 8.8 7.5 
BET surface area 43.207 7(n?/g) 132,3018(m2/g) 


Comparing the CEC of the iron(II) oxide coated and raw bentonite clay it can be seen that after 
modification the CEC was greatly reduced meaning that the exchangeable cations were exchanged 
for the trivalent Fe** during the modification stage with FeCl; Iron(III) oxide coated bentonite has a 
PZC at pH 7.5 which is slightly lower than that of the raw bentonite .A PZC at 7.5 means that 
adsorption of fluoride using iron(III) oxide coated bentonite clay is effective in acidic conditions 
since the surfaces of the clay will be positively charged at that pH range. The BET surface area of 
the raw bentonite and iron(IIT) oxide coated bentonite was observed to be 43.2077 and 132.3018 
m^/g respectively. As shown in Table 1, the coatings of iron oxide substantially changed the surface 
area of the raw bentonite clay. The BET surface area of the iron(III) oxide coated bentonite was 
more than that of the raw bentonite and it increased by a factor of ~ 3 which may be due to the 
upsurge of the clay interlayers by the iron oxides/hydroxides precipitates formed during 
modification this resulting in the expansion of pore interlayer spaces of bentonite clay eventually 
leading to the increased surface area 


3.2.2 X-Ray Diffraction (XRD) and X - Ray Fluorescence (XRF) analysis 
Figure 1(a) and (b) shows the mineralogical and elemental composition of the raw and modified 
bentonite clay. 

The XRD pattern of both raw bentonite and iron(III) oxide coated bentonite clay (Figure 1(a)) 
suggests that the clays are highly crystalline and have quartz and montmorillonite as the major 
mineral components. XRF analysis (Figure (1b)) recorded an appreciable amount of SiO» and 
AlO; for both raw bentonite and iron(III) oxide coated bentonite clay suggesting that this clay is an 
aluminosilicate. However upon modification the amount of AbOs; was reduced. Most of the Al 
dissolved during the activation of bentonite with NaOH hence the decrease of AL Os, A notable 
increase is shown in Fe?O; percentage. This is to be expected because the clay was modified by 
coating it with iron oxides. 
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Figure 1 (a) Mineralogical composition 
(b) Elemental composition of the raw and modified bentonite clay. 


3.3 Batch adsorption experiments: Optimisation of fluoride adsorption conditions 


3.3.1 Effect of contact time 

The removal of fluoride as a function of contact time is shown in Figure 2 (a). It was observed that 
the % removal increases with increase in contact time until 30 min. The theoretical explanation to 
this trend can be ascribed to the number of active site on the adsorbents. The fast adsorption rate at 
the initial stage is likely due to the availability of a large number of active sites on the adsorbent 
surface. 


3.3.1 Effect of adsorbent dosage 

The effect of adsorbent dose on F adsorption was evaluated at room temperature using 3 different 
initial F concentrations (Figure 2b) and a direct proportional trend was observed between dosage 
and % removal. The increase in the fluoride removal with dosage of the adsorbent is likely driven 
by the enhanced availability of active sites. The maximum F removal was observed with 3 g 
adsorbent dose at all initial fluoride concentrations. It was noted that a further increase in the 
absorbent dosage did not considerably change the removal capacity. 


3.3.2 Effect of initial fluoride concentration 

The effect of initial concentration on fluoride removal is shown in Figure 2(c). It is observed that 
the percent of the adsorbed fluoride ions decreases with increase in the fluoride concentration which 
indicates that adsorption depends upon the availability of binding sites for fluoride ions. When the 
initial fluoride concentration is 5 mg/L, with 3 g adsorbent dose, the equilibrium concentration of 
fluoride is reduced down to below the level of 1.5 mg/L under the current experimental conditions, 
which approaches the DWS drinking water standards of fluoride concentration. 
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3.3.3 Effect of pH 

Figure 5(d) shows that there was high F adsorption observed at pH 2 which gradually decreased 
with an increase in the initial pH of the solution. Several dominating factors might be responsible 
such a trend. One factor is related to the production of the fluoride complex at acidic or basic media. 
The second factor responsible for fluoride removal might be through ligand exchange type 
interactions between the hydroxyl groups and fluoride leading to reduced fluoride removal when pH 
increases because of a higher concentration of OH ions. 
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Figure 2: (a) Effect of contact time (0.5, 1 and 2 g , 10 mg/L F , 25°C, 100 mL (a) 250 rpm, pHi 
= 6.653) (b) Effect of dosage (30 min , 5, 10, 20 mg/L F , 25°C, 250 rpm pHi = 7.434) 
(c) Effect of F initial concentration (30 min, 2 and 3 g, 25°C , 100 mL, 250 rpm pHi = 
6.263) (d) Effect of pH (30 min, 5 mg/L F , 25°C, 3 g/100 mL S/L ratio, 250 rpm) 


3.4 Treatment of raw fluoride water from Siloam, Limpopo province, South Africa borehole 
at pH optimized conditions 


Table 2 shows the physicochemical characteristics of the borehole water samples before and after 
defluoridation. 

As shown in Table 2, all the measured parameters besides fluoride were within the DWS water 
quality guidelines when the defluoridation was performed at both field pH and optimised pH 
conditions. However the fluoride removal efficiency was higher at optimised conditions. The 
percentage fluoride removal at field conditions is 31% whereas at optimised conditions the fluoride 
removal is 71%. The lower % F removal for field water at field conditions could be due to the 
effect of co-existing ions which competed for adsorption sites with F. It is expected that the 
presence of anions in solution would enhance coulombic repulsion forces between the anions and 
fluoride or would compete with fluoride for the active sites [15]. 
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Table 2: Adsorption of fluoride by iron(III) oxide coated bentonite clay under field and optimized 


conditions. 
Parameter Siloam borehole Field pH Optimized pH DWS 
water (pH = 7.81) (pH = 2. 12) guidelines 

pH 7.81 7.624 7.11 6-9 
EC (uS/cm) 25.74 25.12 25.10 0 — 150 
F (mg/L) 5.53 4.233 3.23 1-1.5 
CI (mg/L) 31.6 180.1 189.1 0 — 250 
SO, (mg/L) 11.9 N.D N.D 0 — 250 
Br (mg/L) 2.08 N.D N.D 0-6 
NO; (mg/L) 1.13 N.D N.D 0-6 
PO, (mg/L) ND N.D N.D 0-5 


3.5 Adsorption kinetics 

The kinetics of adsorption controls the efficiency of the process and the equilibrium time. It also 
describes the rate of adsorbate uptake on the adsorbent. To identify the potential rate controlling 
steps involved in the process of adsorption, two kinetic models were studied and utilized to fit the 
experimental data from the adsorption process. These models are the pseudo- first-order and the 
pseudo-second-order models. 


3.5.1 The pseudo first-order equation 

The pseudo first-order equation (Lagergren's equation) describes adsorption in solid-liquid systems 
based on the sorption capacity of solids [16]. 

The linear form of pseudo first order model can be expressed as 


K 
log(qe — qt) = logge — 7303! Mad Mt Me done i one Gd eee CL) 


Where qe (mg/g) is the adsorption capacity at equilibrium, qt (mg/g) is the adsorption capacity at 
time t, and K (1/min) is the rate constant of pseudo-first-order. The value of K can be obtained from 
the slope by plotting log (qe — qt) vs t. 


3.5.2 Pseudo second order kinetics 

The pseudo second-order rate expression, which has been applied for analyzing chemisorption 

kinetics from liquid solutions pseudo-second based on solid phase sorption is linearly expressed as: 
1 1 
qt ky de 


T Dt (2) 
É em mem e ee en n e n eee 


where k2 is the rate constant for pseudo second-order adsorption (g/mg/h) k;qeor h (mg/g/h) is the 
initial adsorption rate. 

The parameter values obtained by curve-fitting kinetic data are listed in Table 3. 

The pseudo-second-order kinetic model proved to be more suitable in describing the adsorption 
kinetics of fluoride based on the correlation coefficient (R? > 0.99) as shown in Table 3, suggesting 
that a chemisorption step might be rate determining in the fluoride adsorption process. Furthermore, 
it could be seen that the theoretical adsorption capacities, qe, were all very close to the experimental 
capacity. Similar results were observed for the adsorption of fluoride by various adsorbents [17, 18] 
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Table 3: Pseudo-second-order kinetic parameters for different adsorbent dosages for fluoride 
removal by iron(II) oxide coated bentonite clay 


Dosage (g) qe exp (mg/g) K»(gmh) qe cal (mg/g) R? 
0.5 0.34 1.4082 0.2205 0.9994 
1 0.44 1.2554 0.3203 0.9997 

2 0.44 3.9003 0.4232 1 


4. CONCLUSIONS 


Based on the experimental data, the equilibrium adsorption is practically achieved in 30 min. 

Solution pH played a major role in fluoride removal by iron(III) oxide coated bentonite clay 
with an optimum pH being pH 2. High adsorption >70% was observed over the pH range 2-12 
which is significant for application in defluoridation of groundwater whose pH is circumneutral. 
The pseudo-second-order kinetic model could be used to describe the fluoride adsorption 
behaviours and both intra and external diffusion regulated the adsorption process. 

From the results, we can conclude that iron(II) oxide coated bentonite clay is a promising 
sorbent for defluoridation of water. 
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Abstract 


Noise emitted from various sources has high priority on lists of environmental issues in Europe and 
noise reduction has increasingly become a focus for EU legislation. In urban areas, traffic noise is 
generated from three basic sources, the engine block, the exhaust system and the contact between 
the tire and the road. The type of vehicles, the traffic volumes and the types of land development in 
the area surrounding the road axes play an important role in estimating the cost of damages due to 
traffic noise in residential areas. A social inquiry among Xanthi's residents has been simultaneously 
conducted with traffic counts and noise level measurements. Good correlation among the 
parameters has been found. If the sound level of the road noise is very high, the annoyance caused 
requires special protection of the receivers. To ensure that people are not disturbed by traffic noise 
in their homes sufficient sound insulation from the external noise should be provided. 


Keywords: noise; noise-abatement; swelling buildings; traffic; environmental impacts 


1. INTRODUCTION 


With the growth of cities, roads with more flow capacity are needed. As a result, the emitted noise 
shows increased levels [1, 2, 3]. The noise generated by the movement of vehicles in the streets and 
roads, implies discomfort to roadside residents most exposed to it [4]. This annoyance results from 
many different (physical, physiological, psychological, etc.) causes making the definition of 
"annoyance" extremely difficult. If the sound level of the road noise is very high, the annoyance 
caused requires special protection of the receivers [5]. It is also known that any increase of the noise 
level constitutes an analogous downgrading of life quality. For educational activities, the ambient 
noise levels are of great importance [6], as the intelligibility of speech in rooms is fundamental for a 
good process of learning. On the other hand, an environment without these qualities can be an 
obstacle for education. 

Road traffic noise significantly contributes to environmental noise. In the 2007 CE Delft report 
it was estimated that almost 210 million EU citizens are exposed to 55 decibels (dB) or more of 
road noise [7]. Road traffic 1s the main source of noise in residential areas and its assessment and 
management is, therefore, strictly linked to such issues. For this reason, monitoring traffic and noise 
in urban areas has been the object of many studies, and their results have been used to build up 
noise maps to determine the population exposure to environmental noise [8]. 

In 2012, the medium sized cities of Volos and Larissa in central Greece completed their 
strategic noise maps and relevant action plans in the framework of the European Directive 2002-49- 
EU [9] that defines the main strategies to reduce noise exposure of residents and introduce and 
preserve “quite zones". Due to their proximity to transportation infrastructures, 4 districts in Volos 
and 1 in Larissa were representative of urban situations and of different urban typologies 
(downtown area with or without shops, residential district, densely populated neighbourhood) [10]. 
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A sociological survey on sound and noise perception has been performed between the residents 
using questionnaires. Through qualitative criteria, a soundscape analysis was also conducted. 
Abatement measures have been suggested on the basis of the findings of this research. 

Pamplona is a medium-sized city located in the north of Spain. The old part of the city has very 
narrow streets, open to road traffic. An extensive noise survey was carried out in the city [11]. This 
work yielded a detailed daytime acoustic map of the city. The study included a social survey in five 
representative areas of the city to assess the degree of noise annoyance in the community and its 
relationship with the measured noise levels. The social survey showed that noise annoyance is a 
serious problem for the residents (very high percentages of people suffering from sleep 
disturbance). 

A simplified traffic noise mapping method was applied to Valdivia, a small city in Chile. The 
success was full supported by an analysis of road traffic (involving the separation of light and heavy 
vehicles, and motorbikes and noise levels and noise levels. Eighty measurement locations were 
chosen on different road types without exceeding 5% gradients were chosen. The traffic flow 
information was obtained in-situ [12]. 

In 2005, a study was carried out to determine motorway noise levels in the centre part of Tokat 
city, located at northern Turkey. Due to the rapid increase in the number of vehicles, noise pollution 
has reached important levels. In six or seven streets noise exceeded 65 dB(A) with the highest value 
reaching 77 dB(A) [13]. 

Curitiba is the capital and largest city of the Brazilian state of Paraná (1,879,355 people as of 
2015). People has migrated from the country to find jobs in automobile industries, construction 
manufactures etc. The increasing number of living people and vehicles has led the University to add 
noise pollution as new subject to the curriculum [14]. A noise survey in 1,000 sites has shown that 
during daytime equivalent sound levels were over 75 dB(A) in about 40% of the sites. 


2. ROAD NOISE, RESIDENCY AND HUMAN ANNOYANCE 


The impacts of road traffic noise on residents could be sufficiently predicted by known metrics, 
such as the Leq, Ldn, and Lden (equivalent noise level, day-night level, day-evening-night level). 
[15]. Leq is the preferred method to describe sound levels that vary over time, resulting in a single 
decibel value which takes into account the total sound energy over the period of time of interest. 

The environmental noise caused by traffic can reduce the value of the residential property [16]. 
The procedure through which the reduced housing value could be estimated must take into 
consideration noise from vehicles, based on theories that people will pay to avoid high noise levels 
and that housing values reflect location relative to a noisy roadway. Three major components 
include: 

(1) the number of affected housing units, which varies by location, 

(2) the noise level in decibels above an established noise threshold, which changes depending on 
the type of vehicle, its speed, its operating weight, and the volume of traffic on the roadway, and 

(3) the average change in property values per decibel that can be attributed to the roadway, which is 
constant for all housing units. 

It is known that any increase of the noise level constitutes an analogous downgrading of life 
quality. Any increase in noise level is proportional to the deterioration of living conditions. Besides 
residency, another social value impacted by traffic noise in medium sized cities is education. For 
educational activities, the ambient noise levels are of great importance, as the intelligibility of 
speech in rooms is fundamental for a good process of learning [17, 18]. Considering different types 
of noise, evidence has been presented of aircraft noise being particularly disruptive to learning, 
traffic noise less disruptive but still impairing performance, while train noise did not cause a 
problem [19]. On the other hand, an environment without these qualities can be an obstacle for 
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education. Many factors contribute to this discomfort in school classrooms (physical, physiological, 
psychological), making the precise definition of the concept of annoyance extremely difficult. 


3. TRAFFIC NOISE IN XANTHI’S RESIDENTIAL AREA 


An extended survey conducted in the central part of Xanthi, Northern Greece, revealed that traffic 
noise constitutes a problem for the residents in the area. The city of Xanthi has moderate traffic 
problems and the circulation of vehicles is rather easily accomplished. The vehicle fleet is 
composed mainly of private cars and small vans. However, citizens often complain about traffic 
noise. This could be attributed to the geometric characteristics of streets and the arrangement of 
buildings across them. A good relationship between the traffic measurements and the expected 
noise levels has been found. A variety of possible noise mitigation measures can reduce the noise 
impact of the existing roadway network. 

Residents in the surveyed area were called to answer a questionnaire comprised of five parts. 
The questions in the first part related different personal characteristics such as the age, the 
profession and the level of education. Data about the type of the building and the state of economics 
of the household were collected in the second part of the questionnaire. Part three asked the 
habitants to characterize their neighbourhood and to point out the most serious problems. The 
effects of the most important sources of noise were investigated in part four. In part five, the person 
who answered the questionnaire gave his/her opinion about the noise in his/her working place, if he 
or she is occupied outside the house. It must be noticed that most of the persons who responded to 
the questionnaire live in the area for several years. 

The dwellings in the investigated area were divided in three categories; namely, apartments, 
detached houses, and other types. Apartments were further distinguished to interior, facade, and 
double frontage ones. The majority of the dwellings were apartments, a fact that greatly represents 
the character and pattern of the area, since it is a central part of the town where many apartment 
buildings exist. The different categories of houses are shown in Figure 1 along with their merits to 
the total number of housings (in percentages). 


ElDetachedtouse M Apartment O Other ElInterior MD ouwe frontage [O Façade 
76% 
12% 
43% 
2% Z5 
(a) Dwellings in the surveyed area (b) Apartment types 


Figure 1. Distribution of dwellings and various apartment types of in the central area of Xanthi 


In the literature, a large number of noise forecasting models, referring to different types of roads 
(urban roads, motorways, and so on), is reported. Such models generally consist of empirical 
equations which allow calculations of noise levels associated to traffic flow showing determined 
composition (heavy vehicles, motorcycles, cars) and characteristics (speed, flow, etc.). Traffic 
counts have been made on the road network of the City of Xanthi in order to reveal the relation of 
traffic synthesis and volume and noise in urban area. Figures 2 and 3 present traffic count data for a 
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typical working day for passenger cars, and trucks and buses, respectively. Some peaks have 
appeared which are justified by movements of employed people to and from their jobs or working 
places. Because of the size of the city, bicyclists cover a large percentage in the traffic mix. In 
Figure 4 the results of a 16-hour count of bicycles and motorbikes show a peak between 13:00 and 
15:00, in agreement with the rest traffic peaks. 

Measuring environmental noise in practical situations is complicated due to noise from 
intervening human activities, variations in noise situations from day to day and requirements for 
noise-source specific measurement results. Noise measurements have been carried out during the 
nighttime at 2 discrete locations in Xanthi (busy from a traffic flow view intersections). The 
instruments were positioned at a height of about 4 meters, considering the first floor apartments 
have their balconies at that level. The season of the year was early spring (March). The main scope 
of the noise survey was to test the effect of traffic on sleep disturbance. Noise charts, as printed by 
the noise measuring instruments are shown in Figures 5 and 6. Noise levels ranged between 50 and 
80 dB(A) with few exceptions. Noise metrics recorded were L1=83.3 dB(A), L10=76.1 dB(A) med 
Leq=72.6 dB(A) (Figure 5). 
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Figure 2. Private cars in traffic volume mixture 
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Figure 3. Traffic volume of heavy vehicles (buses and trucks) 
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Figure 4. Traffic volume of bicycles 
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Figure 5. Nighttime noise chart at Andreou Demetriou with Pericleous Streets intersection 
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Figure 6. Nighttime noise chart at Pericleous and Sardeon Streets intersection 
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4. RESULTS AND DISCUSSION 


Traffic counts were conducted in 21 intersections within the area of interest. The measurements lasted 
16 hours, starting at 7:00 and ending at 23:00 hours. They covered both working days and 
weekends. The main findings are: 
e passenger cars were over 75% in the total mix in all roads covered and over 85% where turning 
movements are a possibility 
e motorcycles have a remarkable percentage of 19%. The higher percentages were found during 
noon hours, mainly because students and younger workers are moving these hours. Motorcycles 
considered very annoying to people living in ground floors or in apartments which face the road. 
e buses did not exceed the 1.0% per hour in the traffic volume 
e trucks were not uniformly distributed in all roads. The larger numbers occurred in broader roads 
and in roads having asphalt pavements 
e the peak hours were between 11:00 and 15:00 hours 
There are many different sources of environmental noise to which people are exposed 
including: transport (road, rail, and air traffic), construction and industry, community sources 
(neighbours, radio, television, bars, and restaurants), and social and leisure sources (portable music 
players, fireworks, toys, rock concerts, etc.). Noise from all sources may be relevant to the 
assessment of risk, and hence it may be appropriate to assess the exposure of the population to all 
these sources. People responded that they don't feel annoyed to the same extent at different times. 
The percentages of annoyance are shown in Figure 7 for often appearing noisy events and for 
scarcely annoying sources during various human activities like eating, sleeping, or having leisure 
breaks. 
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(a) often annoyed (b) scarcely annoyed 
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Figure 7. Frequency of annoyance due to traffic noise during different living situations 


The questionnaire for the survey in Xanthi included questions on the annoyance by different 
sources of noise or activities related to traffic or other residents’ occupations. The results in the 
form of percentages of persons annoyed are given in Figure 8. Building and construction activities 
(40%) along with traffic (30%) dominate this field of the questionnaire. 

In practice, it is almost impossible to consider exposure to all sources in a risk assessment, 
because some exposures are difficult to estimate at the population level (e.g. leisure noise through 
attending music concerts). On the contrary, considerable amount of research has been devoted on 
assessing the exposure of population to noise sources such as traffic. For those living in roads with 
heavy traffic volumes, the noise annoyance is especially stressful, irrespective the height of the 
building, the road geometry and the characteristics of pavement. 
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Figure 8. Percentage of people in the surveyed area annoyed by various noise sources 


5. CONCLUSIONS 


The goal of an engineer to either increase roadway capacity or improve traffic flow may often conflict 
to a neighbourhood’s goal to be free of congestion, pollution, and traffic noise. The two objectives 
do not have to be mutually exclusive. Controversies involving traffic noise are often based on 
misinformation, perception, or anecdotal evidence, not on facts, good engineering, or reality. 

The noise caused by the road and highway traffic annoys the residents most exposed to it. A 
variety of possible noise mitigation measures can reduce the noise impact of the existing roadway 
network. There is a need to extend the research of medium sized cities which have implemented 
such techniques or methods. 

Environmental noise caused by traffic can reduce property values. The reduction of traffic 
volume is not the only means of attenuating sound pollution. Another alternative consists in 
moderating the traffic, i.e. to reduce the emissions of noise by lowering the speed of circulation in 
mid-sized cities centres. Roadways could also be covered with “quieter” asphalt material, or cars 
could be equipped with less noisy tires. The buildings insulation through double windows could 
also contribute to the solution of noise annoyance. 
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Abstract 


Objective: To study the in vivo and in vitro toxicities of central nervous system cells in Wistar rats 
induced by Titanium dioxide nanoparticles (nano-TiO»). 

Methods: For in vitro study, rat astrocytes were exposed to nano-TiO» with three different 
diameters (10, 50 and 200 nm) at five concentrations (6.25, 12.5, 25, 50, 100 mg-L"). Cellular 
morphology and sulfur rhodamine B (SRB) were carried out to evaluate the viability of particle- 
treated cells after 72 hours exposure. For in vivo study, suspensions of nano-TiO» with particle size 
of 10, 50 and 200 nm were injected into tracheas of Wistar rats at dose of 0.1, 1.0 and 10.0 mg. kg 
in three groups, respectively. The nano-TiO» concentration in brain tissue and interleukin-1p (IL- 
1B), tumor necrosis factor-a (TNF-a), interleukin-10 (IL-10) levels in brain homogenate were 
detected after 72h exposure. The cell morphology of rat central nervous system induced by nano- 
TiO» was observed by light microscopy and transmission electron microscopy. 

Results: Nano-TiO» can significantly affect the growth and morphology of rat astrocytes. The 
inhibition of proliferation of astrocytes was positively related to degree of nano-TiO» doses. With a 
significant dose-effect relationship, the smaller the particle size, the more obvious the inhibition 
effect. The nano-TiO, concentration and IL-1p, TNF-a, IL-10 level in rat brain tissue were 
increased with the concentration of nano-TiO» injected. The levels of these cytokines were in 
inverse proportion with the size of nano-TiO». Pathological observations indicated that the nano- 
TiO» could cause blood-brain barrier damage in rats, brain tissue necrosis. Nano-TiO» could enter 
the central nervous system cells in rats, leading to mitochondrial swelling and apoptosis. However, 
the non-nano-TiO», cannot enter the rat central nervous system. Nano-TiO» could inhibit the 
proliferation of rat glial cells and go into the rat central nervous system cells through the respiratory 
tract, leading to apoptosis of nerve cells. The cytotoxicity of nano- TiO» was dose-dependent, and in 
inverse proportion to particle size. The non-nano-TiO; showed no significant toxicity in the central 
nervous system cells. 

Conclusions: Nano-TiO; may inhibit the proliferation of rat astrocytes, and enter into central 
nervous system cells through respiratory tracts and induce apoptosis. The titanium dioxide 
nanoparticles could induce dose-dependent cytotoxicity and it was inversely proportional to 
diameter of it. In non-nanoscale TiO» is avirulent. On one hand, it induces the release of IL-1, 
TNF-a and other cytokines involved in inflammatory response, and damages the central nervous 
cells by chemotaxised activated inflammatory cells; on the other hand, it induces apoptosis of 
central nervous system cells. 


Keywords: titanium dioxide; rat toxicity; nervous system; nanoparticles 
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1. INTRODUCTION 


Nanosize titanium dioxide (nano-TiO») materials, for their peculiar physicochemical properties, are 
widely applied in consumer products, food additives, cosmetics, drug carriers, and so on" ?.. Under 
these circumstances, an assessment of risk and appropriate safety measures based on the available 
limited data for nanomaterials characterization and safety protocols are needed to protect human 
health and the environment. Due to unique properties, nano- TiO» exposed to the tissues or fluids 
would immediately adsorb macromolecules they encounter, thereby affecting the regulating 
mechanisms of enzymes or other proteins, resulting in loss of activity of a number of hormones or 
enzymes in the body [3-4]. It has been noted that nanoparticles may lead to the possibility of 
adverse biological effects, and the behavior of nanoparticles on the target organ depends largely on 
their size, shape and interactions with the surrounding tissue [5-8]. This increased human and 
environmental exposure to TiO» nanoparticles has led to an intense scrutiny of its biocompatibility 
resulting in many animal and in vitro studies that suggests a need for concern. 

As exogenous substances, nano-TiO2 demonstrates a high degree of mobility after intentionally 
injected (implanted) into the body by inhalation, swallowing, skin absorption or in the medical 
process [9]. Once nano-TiO2 particles are in the body, they may be redistributed into other tissues 
(such as the liver, heart, lung, etc.), which could induce impairments on organs after unintentional 
exposure. Although exposure to different nano-TiO2 particle sizes and formulations has produced 
only marginal results in rodents[10-11], Previous in vitro studies indicated that TiO2 nanoparticles 
could cause oxidative stress (OS)-mediated toxicity in diverse cell types, including human colon 
cells[12], osteoblasts [13], endothelia [14], epithelia [15], skin fibroblast [16], liver [17], and 
alveolar macrophages[18]. Several studies have suggested that inhaled or injected nanoparticles 
enter systemic circulation [19] and migrate to various organs and tissues, raising concern that they 
may cause damage to biological systems through OS pathways [20]. The brain is especially 
vulnerable to OS damage, and recent studies indicate that nanosize particles can cross the blood- 
brain barrier [21] and enter the central nervous system (CNS) of animals [22]. There has been some 
argument about whether or not nano-TiO» can cross the blood-brain barrier, which separates blood 
from cerebrospinal fluid and is made of endothelial cells connected by tight junctions that limit the 
entry of many substances into the brain. Several studies have indicated direct disruption of neuronal 
cell membranes by nano-TiO» would allow their entry into the brain [23,24], and significant nano- 
TiO» accumulation in the brain while cellular toxicity assessment demonstrate negative effects on 
neuronal cell viability and function[25-27]. Intranasal exposure of TiO» nanoparticles also 
demonstrated high accumulation of the nanoparticles in different regions of the brain resulting in 
increase of glial fibrillary acidic protein (GFAP) positive cells, oxidative stress, and brain tissue 
damage [28]. As the nasal cavity and the olfactory bulb are connected through the olfactory neural 
pathway, this particular structure provides a favorable condition for the exogenous inhaled 
nanoparticles directly into the central nervous system along the olfactory nerve pathway other than 
the blood-brain barrier [29]. 

Studies have shown that nanoparticle transport was exclusively transcellular. Nanoparticles can 
enter olfactory bulb through the olfactory nerve of experimental animals and migrate to the brain, 
causing increased mRNA levels of macrophage inflammatory protein, glial fibrillary acidic protein 
and neural cell adhesion molecule in central nervous system [30-31]. The processes of translocation 
of nano-TiOz into the brain would be regulated by several parameters, such as administration routes, 
size, and surface modification. However, Current knowledge about neurotoxicity induced by nano- 
TiO, is insufficient and more detailed and standardized researches are needed [32-34]. Little 
information is available regarding factors such as surface characteristics and size that may affect the 
transport of nanoparticles from the nasal cavity to the central nervous system. In this paper, we try 
to clarify the mechanism of toxic effects of nano-titanium dioxide on the rat CNS cells through in 
vitro and in vivo experiments. We utilized three different diameters of nano-TiO2 particles (10, 50 
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and 200 nm) in vivo and in vitro to probe the mechanism the cytotoxicity nano-TiO2 exerts on rat 
neuroglia cells initially. Our findings provide compelling evidence that TiO2 nanoparticle exposure 
has potential implications in astrocyte-mediated neurological dysfunction. 


2. MATERIALS AND METHODS 


Materials 

Nanosized TiO; powder materials (10nm, 30nm, 200nm) were obtained, as uncoated nanoparticles, 
from Nanjing University. The nano-TiO» stock solutions were made at a stock concentration of 1.0 
gL! in minimum essential medium (MEM) and diluted to final concentrations varying from 6.25— 
100 mg.L''. Normal rat astrocytes CTX TNA2 was purchased from ATCC (MA) and culture 
medium were purchased from ScienCell Research Laboratories, Inc. (Carlsbad, CA). The cells were 
cultured in astrocyte medium, maintained at 37°C in a humidified incubator containing 5% CO2. 96- 
well culture plates (Nature Gene Corp., USA) and MEM culture medium (Gibco) were used for cell 
culture. Rat IL-1B, TNF-a, IL-10 Elisa Kit were purchased from Rapidbio Corp., USA. A total of 
30 male Wistar rats, with the weight of 250 ~ 300g, purchased from Laboratory Animal Center of 
Soochow University, were randomly divided into four groups: control group (intratracheal 
instillation of sterile saline); low-dose group (0.1 mg: kg '); moderate-dose group (1mg:kg .); high- 
dose group (lOmg.kg). Stock titanium standard solution (1000 ug-:mL ') for ICP-MS was 
purchased from Fisher Scientific (Leicestershire, UK). Calibration standards for ICP-MS analysis 
were prepared within a range from 0 to 500 ug.L'! from the stock Ti solution in 5% HNO3. 
Pentobarbital of 2% was intraperitoneal injected into anesthetized rats by 30mg-kg-1, and 
intratracheal instillation was performed with nanoparticles suspension [35]. 


Characterization of NPs 

For preparation of exposure medium, nano-TiO» materials were weighed in polypropylene tubes 
and dispersed in deionized water. To achieve maximum dispersion, the suspension was 
homogenized using vortex (Daigger Vortex-Genie 2, Model G560) equipped with a titanium probe. 
The characterizations of the nano-TiO» suspension were performed using Transmission electron 
microscopy (TEM) and Dynamic light scattering (DLS) techniques. Size measurements in dried 
suspension were made by TEM, while DLS provided the size distribution for the hydrated forms of 
the nano-TiO» particles. For TiO» nanoparticle suspension solution, the TEM images revealed that 
the particles are present as aggregates, leading to stable suspensions with much higher 
hydrodynamic diameters(Figure 1). Nano-TiO» particles are highly hydrophobic; therefore they 
aggregate substantially in aqueous solutions. The stability and aggregation behaviors of 
nanoparticles within aquatic media are determined by DLS (Figure 2). Nevertheless, for all three 
suspensions, the TEM images indicate that not exclusively aggregated but also single particles were 
present. Such conditions are characteristic of cell culture studies and may produce higher particle 
exposures while the higher sedimentation rate seen at higher concentrations could be consistent 
with larger sized aggregates formed at the higher test concentrations of TiO? nanoparticles. 
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Figure 1Q Suspension of titanium dioxide nanoparticles (nano-TiO2) 
observed by electron microscope (x10 000). 
(A) 10 nm diameter particles, (B) 50 nm diameter particles 
and (C) 200 nm diameter particles. There is a ruler in the Figure. 
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Figure 2. DLS analysis showing a size distribution (PSD) of hydrodynamic TiO» nanoparticles 
at the concentration of 1.0 mg-L'! 
(A) 10 nm nano-TiO2 solution, (B) 50 nm nano-TiO2 solution 


and (C) 200 nm nano-TiO2 solution. 


Cell viability assay in vitro 

The cells cultured for 24 hours were digested with the pancreatin of 0.25%; they were then blown 
and beaten to be a unicellular suspension; the density of the suspension was adjusted to 8x107L, 1. 
One hundred microlitres of the suspension was seeded onto each well of the polylysinecoated 96- 
well plates. Four wells are set for each group. Cells have been found 60% adherent under inverted 
microscope after 24h culture, nano-particle suspension with various concentrations (6.25, 12.5, 25, 
50, 100 mg-L”) were added slowly in the 96-well plates. Then, the 96-well plates were cultured at 
37°C in a humidified incubator containing 5% CO» for 72 hours. Cell viability assay was evaluated 
by Sulforhodamine B staining assays. The percentage of viable cells was used to evaluate the rat 
astrocyte activity affected by nano-titanium dioxide, the calculation formula is shown as follows: 


Percentage of viable — OD value of exposed cells 
OD value of control cells 


The curve was fitted with the concentration of nano-titanium dioxide as x-coordinate and the 
percentage of cell viability as y-coordinate. 


Toxicity of nano-TiO, on rats in vivo 

Nano-TiO, exposure was conducted to assess astrocyte-mediated neurological dysfunction on 
Wistar rats by exposing the rats to three different doses, 0.1, 1.0 and 10.0 mg.-kg', using 
intratracheal instillation. Thirty homogenous Wistar male rats (250-300g) were randomly divided 
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into four groups with three test groups including nine rats and a control group including three rats. 
The test animals were arranged into three test groups on the basis of the nano- TiO» dosages with 
each group distributed equally into three sub-groups according to nanoparticle diameters. Before 
intratracheal instillation, the rats were kept in a fasting condition and then anesthetized with 296 
pentobarbital of 30 mg kg” for 15 minutes. The trachea administration was implemented to the rats 
under supine head-up conditions by means of intratracheal instillation at a instillation speed of 
40ml/min. Meanwhile, the control group was administered with stroke-physiological saline 
solution. Seventy-two hours after treatment, all rats were sacrificed to detect the nano- TiO» content 
by ICP-MS after a microwave assisted digestion with a HNO3/H2O2 mixture, and currently measure 
the cytokine production (IL-1ß, IL-10, and TNF-a) in rat brain tissue by radioimmunoassay. The 
pathological damnification of nano-TiO2 on the cortex of rat brain tissues was observed by HE 
staining. 


Statistics 

All data were collected using SAS 8.0 software (SAS Institute, Cary, NC) . Graphing and statistics 
were performed with Excel 2015 (Microsoft, Redmond, WA). The mean value at each 
concentration was graphed to show a time-course response. At least five time points are depicted for 
each assay. The quantitative variables were analyzed by ANOVA. Dunnett t was used to analyze 
the groups. SNK method was applied to compare one group with another. The exposure 
concentration/time point at which a statistically significant difference was observed is indicated on 
the graphs (*, p«0.05) and described in the figure legends. 


3. RESULTS 


Cytotoxicity of normal rat astrocytes by nano-TiO; 

Nano-TiO» can significantly affect the growth and morphology of rat astrocytes with a significantly 
dose-effect relationship between inhibition of astrocyte proliferation and nano-TiO» doses. During 
the exposure times described in the TEM studies, the rat neuroglia cells(which adhere to the bottom 
of the cell culture plate/well), were exposed by particle diffusion or sedimentation of aggregates. 
After the rat neuroglia cells were exposed to 50 and 100 mg-L” nano-TiO» suspension solution with 
the different diameters (10 and 50 nm and 200nm) for 24 hours in vitro, the cells have been found 
60% adherent under inverted microscope after 24h culture (Figure 3a). After 72 hours exposure, 
the cell survival rate was decreased with increasing Nano-TiO> concentration (Fig 3b). Meanwhile, 
obvious changes happened, such as rebound and transmogrification to the different extent, 
increasing cell spaces, sparse arrangement and decreasing cellular transparency, especially at the 
concentration of 100 mg.L''. The results also indicated that the nano- TiO» with smaller diameter of 
10nm and 50nm had more obvious inhibition effect on the activity of cells, while the concentrations 
of nano- TiO» with the diameter of 200 nm have no significant effects on cellular morphology. 


Bioaccumulation of nano-TiO»; content in rat brain tissue 

The nano-TiO» content showed statistically significant difference among the middle, the high dose 
and the control group. Only the nano-TiO» content of high-dose group had increased significantly 
(10nm, 363.8296; 50nm, 669.6996), the nano- TiO» with diameter of 200 nm in brain tissue did not 
change significantly (Figure 4). 
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Figure 3(a,b). The activity of Nano-TiO>z treated rat astrocyte detected by SRB assay 
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Figure 4. The nano-TiO> content in rat brain tissue. high-dose group compared 
with control group, *P«0.05 


Morphology changes of normal rat astrocytes by nano- TiO; 

With the increase of nano-particle concentration of 10 nm and 50 nm diameter, adherent cells 
decreased significantly and showed intracellelur phagocytic particles (Fig 5a, 5b). Nano-TiO» with 
diameter 200nm at three different volumes (0.1, 1.0 and 10.0 mg kg’) had no obvious effect on cell 
morphology (Fig 5c). no nanometer particles were seen in cells through a transmission electron 
microscope 


Figure 5. Microscope photos of rat glial cells exposed to nano-TiO2 
with diameter of 10, 50, 200 nm for 72h 
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In agreement with earlier findings, exposure to nano- TiO» particles caused cell shrinkage plus irregular 
membrane borders compared with the control cells. Microscopy revealed that TiO; nanoparticles and 
agglomerates were effectively internalized by rat neuroglia cells. After the rat neuroglia cells were 
exposed to nano-TiO2 of two different diameters (10 and 50 nm) at the concentrations of 1.0 mg kg, 
Transmission electron microscope showed intracellular edema around the nucleus of rat glial, 
mitochondrial swelling, entrance of nano-TiO» into the cytoplasm, and apoptosis. the higher the doses of 
nano-TiO;, the higher the extent of injuries of brain tissues (Figure 6). 


: A wra2 {fe 
Figure 6. Pathological observations of rat brain tissue by different doses of nano-TiO» exposure for 72h 
(HE stained sections under light microscope x400) A: middle-dose group; B: high-dose group. 
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These effects were positively related to the dose and negatively related the size of nano-TiO2 
(Figure 7b, c, d, e, h). The brain tissue of 200nm group had no these changes. 
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Figure 7: Pathological observations of rat brain tissue by different doses of nano-TiO2 exposure for 72h 
(under transmission electron microscope x15000) A: normal group; B: 10nm group (10mg/kg), seen 
cytoplasmic nanoparticles (arrows) C: 10nm group (10mg/kg), nano-particles are swallowed into the 
cytoplasm glial cells and aggregated into groups (arrows); D: 10nm group (1mg/kg), apoptosis, cell 
shrinkage, chromatin margination are obvious (arrows) E: 50nm group (10mg/kg), nuclear edema, 
mitochondrial swelling, reduced number of ribosomes, chromatin margination and nucleolar 
irregularity; F,G: 50nm group (1mg/kg), deformed nucleus changes; H: 20nm group (10mg/kg), cell 
shrinkage, chromatin margination and apoptotic. 
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The cytokine levels in rat brain tissue by nano-TiO; 

In the group of 10nm and 50nm diameter, the activity of IL-1B, TNF-a, IL-10 was positively 
proportional to the concentration of nano-TiO;», the higher the concentration, the higher the activity 
of these cytokines(Fig 8). The activity of cytokines was inversely proportional to the diameter of 
nano-TiO», the smaller the diameter, the higher activity of cytokines. The nano-TiO» with diameter 
of 200nm had no obvious effect on IL-1B, TNF-a and IL-10 activity in rat brain tissue. 
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Figiure 8: Cytokine levels in rats brain tissue exposed to 10nm nano-TiO2 


4. DISCUSSION 

Numerous in vivo researches adopted rats or mice for the experimental models, and they were 
exposed to nano-TiO; for bio-safety assessment. Small-sized particles have better mobility and it is 
expected that the transportation of nanoparticles across the BBB is possible either by passive 
diffusion or by carrier-mediated endocytosis[36]. In addition, nanoparticles may be taken up 
directly into the brain by trans-synaptic transport[37]. It has also been reported that nanoparticle 
exposure can induce impairments to normal neurons[38], microglia[39]and even aggravate the 
process of brain pathology[40]. In this study, through tracheal instillation of nano-particle 
suspension, we found that nano-TiO2 can enter the cytoplasm of rat central nervous system cells 
(Figure 7b, c). This indicated that nano-TiO? can enter the central nervous system through 
respiratory tract. Although some previous studies have shownthat there was no significant 
correlation between the toxicity of nano-TiO2 and its diameter and surface area[41], our study 
found that the nanoscale («100nm) of titanium dioxide have changed its physical and chemical 
properties, and their toxicity was related to and their diameters. 

Nano-TiO» can significantly affect the growth and morphology of rat astrocytes. Under 
transmission electron microscope, the nano-particles can be seen to enter the rat central nervous 
system cells and lead to apoptosis. This is due to the following reasons: Nano-TiOz are free to enter 
the pulmonary capillaries through the alveolar epithelium and enter the brain tissue through 
circulation; Nano-TiO» can damage the blood-brain barrier and enter the central nervous system 
cells, resulting in apoptosis; Unlike Nano-TiO», non-nano-scale- TiO» (>100nm) cannot freely go 
through the blood-brain barrier, and have no significant toxicity on rat central nervous system cells. 
Once the nano-TiO» were transported into the brain regions, major cells in the CNS, including the 
neurons and the glial cells, would be affected. Our research demonstrated that there were obvious 
changes in the cellular configuration in rat astrocytes when nano-TiO»-treated, such as cellular 
contraction, increscent cell spaces, increased intracellular particles and decreasing cellular 
transparency. Among them, the nano-TiO» of two different diameters (10 and 50 nm) affected the 
cells significantly. This research discovered the nano-TiO» of two different partied diameters (10 
and 20 nm) could cause the dosage dependent pathological damages of rat brain tissue, one of 
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which was mainly inducing the inflammatory reaction. The nano-TiO» with the particle diameter of 
200 nm didn't bring about any obvious pathological changes. 

The inflammatory cell factors IL-1p, TNF-a and IL-1 had a close relation with cerebral injury. 
The current assumption is that, after cerebral injury, the IL-19 and TNF-a in brain tissue would 
increase in content. This research revealed that, for the nano-TiO2 of two different particle 
diameters (10 and 50 nm), nano- TiO», IL-1p, TNF-a and IL-10 in rat brain tissue were all increased 
in level, with the increasing of the nano-TiO» dosage, the pathological damage in rat brain tissue 
became more serious and there were no significant changes for the nano-TiO» with the particle 
diameter of 200 nm. 

Above selection of findings on nanoparticle toxicity on the central nervous system can be 
illustrated to elucidate these points, can exert cytotoxicity on the rat brain neuroglia cells, with its 
toxicity being related to the particle diameter of nano-TiO2 and its mechanism being concerned 
with the inducing inflammatory reaction. Based on the results achieved upon the method 
comparison conducted using a homogeneous dispersion of nanoparticles, there remains further 
study to collect data on the behavior of trans-synaptic transport and neurotoxicity signs symptoms 
of neurotoxicity syndromes of nano-TiO2 in the central nervous systems under simulated conditions 
focused on daily exposure routine. 


5. CONCLUSION 


This study showed the nano-TiO» holding the particle diameter within a certain length range 
instilled into the lung could permeate the blood-brain barrier to enter the rat brain tissue so as to 
induce the inflammatory reaction, thus posing the dosage-dependent damage to the rat brain 
neuroglia cells. Nano-TiO2 can exert cytotoxicity on the rat brain neuroglia cells, with its toxicity 
being related to the particle diameter of nano-TiO2 and its mechanism being concerned with the 
inducing inflammatory reaction. The inhibition of proliferation of astrocytes was positively related 
to degree of nano-TiO» doses. With a significant dose-effect relationship, the smaller the particle 
size, the more obvious the inhibition effect. The nano-TiO» concentration and IL-1p, TNF-a, IL-10 
level in rat brain tissue were increased with the concentration of nano- TiO» injected. The levels of 
these cytokines were in inverse proportion with the size of nano-TiO». Pathological observations 
indicated that the nano- TiO» could cause blood-brain barrier damage in rats, brain tissue necrosis. 
Nano-TiO» could enter the central nervous system cells in rats, leading to mitochondrial swelling 
and apoptosis. However, the non-nano-TiO» cannot enter the rat central nervous system. Nano-TiO» 
could inhibit the proliferation of rat glial cells and go into the rat central nervous system cells 
through the respiratory tract, leading to apoptosis of nerve cells. The cytotoxicity of nano- TiO» was 
dose-dependent, and in inverse proportion to particle size. The non-nano-TiOz showed no 
significant toxicity in the central nervous system cells. 
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Abstract 


An assessment of the dynamics and importance of Greece's potential Grexit is made to point out its 
pivotal role during the Eurozone's current crisis. Subsequently the case of the independence 
movement of Quebec is examined, to argue that once perceptions about the separation from a Union 
-such as Greece's Grexit- take root they may propagate themselves for long periods of time 
entrenching an uncertainty that leads to concrete economic damage. Therefore the need to 
accelerate "convergence in institutions" among the Union members is highlighted, as is the need to 
acknowledge that political developments in Greece are in line with the predictions of a growing 
literature on the causes and impact of political risks. 
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1. INTRODUCTION 


The relationship between stringent regulation and economic activity has been linked in the 
literature with the development of beliefs and therefore political dynamics that turn these beliefs 
into politics. For example, the tight regulation of markets and ineffectiveness of the judiciary has 
been linked with such trust by Agnion et al. (2008). As a matter of fact in the presence of high 
regulation of entry and activity, investment in social capital may not be effective, as when citizens 
know that within a setting of high regulation and corruption their investment will not lead to 
satisfactory yields, they will eschew such investment and opt for free-riding and corruption. In such 
cases citizens ask for even more regulation, to curb the negatively perceived corporate activity, as 
argued by di Tella and McCullock (2007). Thus, a path is taken, along which high regulation by the 
government leads to economic inefficiencies that lower growth and prosperity while increasing 
corruption. This setting increases political demand for even more regulations that further harm 
economic activity and cement political beliefs that are hostile to a free trade and free market 
economy. Though this mechanism di Tella and McCullock (2007) explain the hostility towards 
market economies and overall prevalence of leftist ideologies in many highly regulated, often 
developing countries. 

In this paper, we argue that these dynamic political effects of higher and inefficient regulation 
and corruption can be acerbated by increased political risks that lower economic activity and 
increase economic distress and social discontent. And if not managed effectively, such dynamics 
can become entrenched and part of a vicious circle that impedes recovery in a way that Olson has 
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described regarding the role of rigidities and vested interests in his seminal book about the rise and 
fall of nations (Olson 1982). 

Section 2 focuses on the ongoing debate regarding Greece's possible exit from the EU, 
emphasizing political fragmentation, extremism and risk as a source of economic underperformance 
which in turn revives the so-called Grexit talk. It particularly focuses on Greece and the way that its 
political market, reacting to the economic crisis provoked by an extremely distorted institutional 
setting (Mitsopoulos and Pelagidis 2009), has led to an environment that in turn prevents rather than 
facilitates the recovery of the Greek economy. This follows as a result of the prevailing political 
risks and extremism, as suggested by the existing literature. These insights suggest also some policy 
initiatives at the European level and suggestions what developments one can realistically anticipate 
in Greece from now on. Section 3 concludes. 


2. POLITICAL FRAGMENTATION AND RISK AS A SOURCE OF ECONOMIC 
UNDERPERFORMANCE 


As argued in Pelagidis and Mitsopoulos (2014, 2015), European politicians that wanted to support 
Greece were faced with persistently non-cooperative Greek governments that with their tactics 
exhausted the goodwill of many and weakened the political positions of those that kept arguing for 
European solidarity. The Greek economy was of course burdened by the reluctant promotion of 
much needed reforms that would remove supply side bottlenecks to growth from the Greek 
economy. While the official creditors pushed for a large "internal devaluation", they allowed the 
domestic political system to force the cost of this adjustment mainly on the productive sector, 
where it was less needed as argued in Pelagidis and Mitsopoulos (2014). More crucially, and with 
the silent acceptance of the official lenders, they largely protected the public sector, where the 
internal devaluation was much needed. This misguided application of the internal devaluation 
played havoc with the economy, the labor market, society and in the end political developments, as 
was easy to foresee (Mitsopoulos and Pelagidis 2009, 2011). Figure 1 shows how employment 
declined along this process, with political instability and the lack of reform progress placing an 
cumulative burden on the private sector, where the vast majority of jobs were lost if one excludes 
the non-renewal of EU-funded job training programs for the young that were not renewed leading 
to a loss of 80.000 short term jobs in the public sector, early retirement of public sector employees 
and a few layoffs that were later reversed. This figure also shows how critical the cost of money in 
the private sector is for the recovery of the economy, a point made also in Mitsopoulos (2015), by 
depicting the positive correlation between interest rates and the uncertainty the reflect. The 
significant impact of uncertainty on economic activity is now increasingly documented, as in 
Bachmann et al (2013), The Economist (2012, 2013) and European Commission (2013). 

These developments and findings are compatible with existing work like Pastor and Veronesi 
(2012, 2013) and Kelly et al. (2014). They analyze the equity risk premium as a function of 
economic conditions, by decomposing it (Figure 2) into the premium associated with political risks 
(red) and non-political risks (blue and green). In poor conditions, the odds of a governmental shake- 
up soar and the political risk premium dominates the equity premium. They point out that political 
uncertainty commands a risk premium, especially when the economy is weak. The impact is 
material: by raising the firms’ cost of capital, political uncertainty depresses investment and real 
activity. Furthermore, by raising risk premium, political uncertainty destroys market value. A 
number of further remarks are also very pertinent to the case of Greece: the political risk is actually 
larger when the prevailing degree of political uncertainty is high and political institutions are 
malfunctioning. One should add here also the comment by Klein, in the discussion following 
Drazen (2001) about the impact of the ability to call elections. It is also larger when economic 
conditions are weak. In other words, ‘political shocks’ can have a large adverse impact on stock 
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prices and on the real economy, which by any measure should come as no surprise. Finally, a 
vicious circle between unfortunate economic conditions and high political risk becomes a real 
gridlock for Greece's economy that cancels recovery and spreads political extremism and business 
uncertainty. In this context, Kelly, Pastor and Veronesi (2014) emphasize that shortly before key 
Greek elections one could find a very high price of political uncertainty across all European 
countries. 
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Figure 1. Political risk and economic performance 


Source: Authors’ elaboration from Elstat data on employment and inflation at constant taxes, 
Ministry of Interior election results, ECB on interest rates for non-financial corporations. 
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Source: Pastor and Veronesi. (2014) 
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As for the political market itself, the typical political reaction to crises is as and Funke, Trebesch, 
Schularich (2015) argue, that votes for far-right parties increase strongly, government majorities 
shrink, the fractionalization of parliaments rises and the overall number of parties represented in 
parliament jumps. These developments likely hinder crisis resolution and contribute to political 
gridlock. This has in turn important repercussions on growth, incomes, asset prices and employment 
in the short- and in the long-term, by increasing political uncertainty again by destabilizing and 
fragment any government and strengthening, in fact, political extremism. 

This process is exactly what killed the anemic 0.696 recovery of the Greek economy in 
2014, killing the number one priority of increasing demand by boosting business confidence. In 
fact, in Greece, the party representing the extreme right, the so-called *Golden Dawn", has gained 
in repetitive elections since 2012, the fraction of —around- 7-8% of the votes. The currently two 
largest parties, far left Syriza and center-right New Democracy, in the same period are fluctuating 
around 55-65% together, meaning that the two-party system is nowadays very weak compared to 
what it was back in the 90s’ and 00s’ when the two largest parties, socialist PASOK and ND at the 
time, used to gather together more than 80% of the votes. As a result, the fraction of votes that go to 
the small parties that appear suddenly and disappear in the election map have increased, together 
with the increase of the destabilization of the government. It suffices to emphasize that the last ten 
years the average period the governing period is around two years, as a result of calling early 
elections, despite that the constitution defines a four year period as the normal period before new 
elections should be called, which in turn is a result of the design of the constitution (described in 
Mitsopoulos and Pelagidis 2011, 2016a). Thus, Greece appears (Figure 3) to fit exactly to the model 
above as ideological fractionalization, number —and votes- of parties in the parliament, weakness of 
the government and last but not least, opposition voting share have all increased during the crisis, 
having in turn an unfortunate effect in the recovery of the economy. These developments are in line 
with the decline in the trust Greeks feel for their government but also EU institutions during the 
crisis as documented by the annual Eurobarometer surveys. 
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Figure 3. Political reactions extremism in Greece 
Source: Greek election results, analysis inspired by Funke, Trebesch, Schularich (2015). LAOS, 
Independent Greeks are far right and Golden Dawn a Nazi party. The extremism of all votes that 
support Syriza can be credibly questioned, especially after the 2015 referendum and the signing of 
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These developments document the severe implications the crisis in Greece has had not only on 
the economy but also on trust in institutions and the capacity of the political establishment to 
advance meaningful reforms. An ill-fated execution of the initial MoU has weakened the political 
forces that strived for reform and supported populist extremism that is deeply rooted in the 
traditions of the clientelistic politics that were in turn the root causes of the crisis. The inability of 
the incomplete European Union to deal with cases in which domestic politics did not favor the 
development of national institutions towards the EU standards was resolved with the short-sighted 
adoption of the “Grexit” threat. This, in turn only increased risks for the productive economy, 
amplifying the undesirable developments that already were in motion. This fact underscores the 
need that Europe works out a way to handle such unfortunate events, now and in the future, in a 
way that both supports “convergence in institutions" among the member states and eliminates the 
need to resolve to the threat of expulsion, as analyzed in Pelagidis and Mitsopoulos (2015), 
Mitsopoulos and Pelagidis (2016a, 2016b). Progressing beyond loose coordination of economic 
policies, even while great progress has been achieved in the area of the Banking Union and fiscal 
supervision, is key to removing the “Grexit” as a tie-breaking rule in the case Greece or in any other 
potentially similar future case. 

Regarding the developments in Greece, at this stage the damage to the wealth, prosperity and 
prospects of the country has largely been inflicted. Even if Greeks do not become ever poorer, the 
path of political radicalization, increased populism and weakened institutions is the baseline 
scenario history suggests for any country that finds itself in such a situation. The emergence of a 
reform-oriented political entity that receives broad public support will be the only way out of this 
situation, and unlikely as it may appear it is not impossible given that a party that offered reforms 
and fiscal consolidation as a policy platform had actually won close to 5096 of the votes in 1990 
during quite similar political and economic circumstances, as argued in Pelagidis and Mitsopoulos 
(2015). 


3. CONCLUSION 


In this paper we investigate the experience of Quebec and Greece. This comparison focuses on the 
long term impact that the entrenchment of a secession movement can have on economic activity 
within the context of a union member that has an economy that is regulated more stringently than 
the economies of the other union members. The message drawn from this comparison is that the 
high regulation and overall institutional weakness of Greece forms solid preconditions for a lower 
long term growth rate, when compared to the average euro are country. This in turn offers a basis 
for political developments that are conservative with respect to reforms, entrenching a political and 
economic equilibrium that does not favor an inherent ability to overcome the impasse. 

To make matters worse, the amplification of political risks and the pressure excreted on the 
private economy with the “Grexit talk” have further diminished the ability of domestic politics to 
promote reforms, shifting the political spectrum towards radicalization and fractionalization amidst 
an unprecedented economic downturn. These developments are not unusual, and actually they fit 
well with the predictions made by a growing literature that ties economic regulation with political 
beliefs and that embeds political risk in socioeconomic developments. 

At this stage, the only remaining hope for Greece is that as radical and populist politicians 
become ever more discredited, a reform-oriented political entity that has the ability to govern and 
deliver will emerge. At the same time, extreme poverty, loss of wealth and income, overtaxation 
and lack of expectation for a better future for the majority of the population have to (miraculously) 
translate into support for such a political entity, as the electorate seeks to regain some sort of 
normality in their daily lives. Europe could help such developments by taking serious initiatives 
towards common decision making in basic dimensions of economic policy, giving regulatory and 
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institutional convergence among member state more prominence than it did in the past and by 
allowing a small fiscal space when the projected policies are in the right direction. 
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Abstract 


The pinpointing of the GCS01 Compressor Station of the Transadriatic Pipeline (TAP) in the 
plain of Serres, scheduled by TAP AG, may have a series of negative environmental and social 
impacts. Among these is air pollution, which is expected to increase due to temperature inversion, 
driving pollutants into the soil and posing a negative cumulative impact on plantations and humans 
in the Serres Prefecture. Other impacts include excessive noise levels and extensive impacts on 
nearby settlements in the event of an accident. For these reasons, four alternative locations for 
GC501 are proposed, provided that they do not affect protected or high productivity areas: two by 
the Serres Prefecture, one by local groups and one by the authors. By performing a Multicriteria 
Decision Analysis and setting the impacts as criteria, it was found that the best location is the one 
on Kerdyllion Mountain (marked as ANTI) with the second-ranked appropriate location on Mount 
Vertiskos (GK1). In conclusion, it is clear that the country can benefit from the construction of the 
TAP pipeline, but it is important to try to avoid significant negative environmental impacts in this 
planning phase. 


Keywords: pipeline; TransAdriatic Pipeline TAP; natural gas; compressor; environmental impact. 


1. INTRODUCTION 


The Transadriatic Pipeline (TAP) project was announced in 2003 and will transport natural gas 
from Azerbaijan via Turkey, Greece, Albania, Adriatic Sea, Italy to the rest of the European 
countries. In the Greek territory, TAP is 543 km long and is part of the Southern Gas Corridor, 
through which 10bcm / year of natural gas will be transported in a life cycle of fifty years. The 
pipeline starts from Kipi Evros, where the first Compressor Station, GCS00, will be settled. 

In the future, the capacity of the Transadriatic Pipeline will be increased from 10 to 20 
bcm/year. This increase is going to require the development of a new Compressor Station in the 
Serres Prefecture, the GCSOI, with a power of up to 125 MW and operations based on natural gas 
use [1]. The GCS01 Compressor Station is planned to consist of five compressors (one of which in 
stand-by mode), with a 25MW power each, and the required area for the development of their 
premises is 0.17 km? [1]. The proposed locations for the construction of GCS01 by the TAP AG, 
named TAP1, TAP2 and TAP3, are relatively close to each other and are all situated in the plain of 
Serres, an area with dense agricultural activity and residential uses, including many nearby 
settlements. 

In the Environmental Impacts Study that was developed by the TAP consortium, emissions and 
other impacts are presented as complying with acceptable limits [1]. However a strong concern has 
been expressed by local communities, scientific bodies and others, that the actual impacts will be 
significantly detrimental. It was supported that another, more appropriate location for the 
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Compressor Station should be proposed. Thus, this paper first examines the validity of the 
expressed concerns about possible negative impacts, and secondly it explores and ranks possible 
alternative locations using a Multicriteria Decision Analysis [2]. 


1.1 Atmospheric Pollution 

The Compressor Station will operate on a 24-hour basis using natural gas, leading to NO, gas 
emission. In the area of the Station, NO, is expected to be recorded from 10 to 20 ug/m? and after 
construction it is estimated by the TAP company that will reach 50 mg/m? before dispersion [1], 
while the limit for the protection of human health is 40 ug/m^ NO» and the vegetation protection 
limit is 30 ug/m^ NO, [3]. Additional emissions are carbon monoxide (CO) while additional 
emissions include particulate matter (PM2.5) and volatile organic compounds (VOCs) [4] that are 
currently not considered by the TAP study. 

The phenomenon of temperature inversion seems to be intensive in the selected area, since it is 
a plain's basin surrounded by mountains. During the day, as a result of the earth heating by the sun, 
instability is caused in the lower part of the atmosphere, which is in contact with the ground. As a 
result, pollutants are trapped between the earth surface and the tallest stable layer of the atmosphere 
[5]. This phenomenon deteriorates air pollution and leads to soil acidification as gaseous pollutants 
are deposited on the soil [6]. 

Such a type of air pollution has been proven to have negative impacts on human health. More 
specifically, nitrogen oxides, combined with volatile organic compounds and sunlight, create smog 
and tropospheric ozone [7]. Inhalation of such smog can cause shortness of breath, wheezing and 
respiratory problems. It has also been cited as a potential cause of problems, such as asthma and 
lung malfunction [8]. Concerning the particulate matter PM2.5, its particles have an aerodynamic 
diameter of equal or less than 2.5 um and are considered to be the most hazardous, since due to 
their small size, they are able to reach deeper into the lungs, and may result in respiratory and 
cardiovascular problems [9]. 90% of the particles are respirable and PM2.5 inhalation causes 
various forms of pneumoconiosis, asthma, and even in some cases cancer [6]. 

These negative impacts affect not only humans, but also other species, such as bees. It has been 
proved that Nitrogen dioxide and oxides of nitrogen (NOx) affect and impair the ability of bees to 
detect the scent of flowers and therefore their very source of nutrition. This could cause serious 
negative consequences for the volume of bee colonies and subsequently for the pollination of 
agricultural crops [10]. 

Another crucial point is that the MM5 weather model which was used for the Environmental 
Impacts Study (presented by the TAP consortium) is suitable for locations with an average altitude 
of 1.500 m., while the location in the Serres plain, where the GCS01 Compressor Station will be 
constructed, has a 15 m. altitude above sea level and the actual height of the Compressor Station 
emissions would be at a range between 350 and 400 m. above sea level. Moreover, the HYSPLIT 
pollutant dispersion model, which was used in the Environmental Impacts Study, forecasts average 
pollutant concentrations for long periods, but not peak concentrations in short periods of time. It has 
been reported that one should look at peak exposures, as compared to the averages over longer 
periods of time, since it seems that they are more biologically relevant if the health effect is 
triggered by a high, short-term dose rather than a steady dose throughout the day [11]. Last but not 
least, the data provided by the National Weather Service Station in Serres, which has been in 
continuous operation for over 50 years, were not connected with or used by the Environmental 
Impacts Study [12]. 


1.2 Noise emissions 

The emitted noise, according to the TAP study, will amount to 65 db (A). This level corresponds to 
industrial areas, according to Greek Legislation. The selected area is rural, not industrial, with no 
background noise, and thus the perceived noise annoyance will be much higher. Hence the 
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maximum permissible limit should be even less than 50 db (A), which is the limit in urban areas 
[13]. 


1.3 Accident risk 

The risk for accidents is also significant, since in the event of an accident-explosion in a 
Compressor Station, the radius of the shock wave can reach up 3.5 to 4 km away [12,14], within an 
area containing many residential settlements. Indicative is the fact that 4796 of accidents on gas 
pipelines are related to compressor stations and facilities, according to the Transportation Safety 
Board of Canada [15]. Based on recent experience, the zone that may be affected in such an 
accident is quite extensive [16]; in the 1989 explosion near the Russian city Ufa, the radius of 
destruction reached 4 km, according to a New York Times report [17]. The affected zone in the 
plain of Serres, in the case of an accident analogous to the Ufa explosion, is shown in Figure 1. The 
total population number that will be possibly affected is up to 6720 residents, dispersed in the 
settlements of Skoutari (2154), Neos Skopos (1934), Neochori (1227), Monovrisi (566), Agia Eleni 
(476), Konstantinato (332) and Krinos (31), population according to the 2011 Greek census [18]. 
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Figure 1. Radius of destruction in the plain of Serres, in the event of an accident 
analogous to the Ufa explosion. 


The risk could be considered as even higher than the above, as the plain of Serres is a seismogenic 
area and specifically on a Composite Seismogenic Source (CSS) [19]. In conjunction with 
seismicity and modern strain data, CSSs can be used for regional probabilistic seismic hazard 
assessment and for investigating larger-scale geodynamic processes, according to the Greek 
Database of Seismogenic Sources [19]. 


1.3 Concluding remarks concerning the proposed TAP locations 
Concerning the three, proposed by TAP, alternative locations for the GCS01 Compressor Station, it 
was concluded that they are connected with a series of possible negative consequences on the area 
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of the Serres plain, hosting dense residential and agricultural activity. Among these are air pollution 
- expected to increase due to temperature inversion - that will cause deposition of the pollutants on 
the soil, posing a cumulative negative impact on plants and humans in Serres Prefecture, and the 
high expected noise level causing annoyance to the surrounding settlements. Moreover, the area is 
seismogenic and the impacts on nearby settlements, in the event of an accident will be extended. 
Thus there is a need for alternative locations to be proposed, evaluated and selected. 


2. METHODOLOGY FOR SELECTING AND EVALUATING ALTERNATIVE 
LOCATIONS FOR THE GCS01 COMPRESSOR STATION 


2.1 Selection of alternative locations for the Compressor Station GCS01 

Two alternative locations for the Compressor Station GCSO1 were proposed by the Serres 
Prefecture (locations OTAI and OTA2), one by local groups (location ANTI) and one by the 
authors (location GK1). OTAI is located 20 km west of the city of Serres and OTA2 25.5 km east. 
ANTI is located 5.02 km northwest of Asprovalta on Kerdyllion Mountain, and GK1 10.22 km 
west of Nigrita on Mount Vertiskos. The alternative locations were carefully selected to be outside 
NATURA 2000 protected areas, as shown in Figure 2, where with red colour are marked Special 
Protection Areas (for bird protection) and with blue colour are marked Special Areas of 
Conservation and Sites of Community Importance [20]. In addition, these locations are away from 
residential settlements, in contrast to the TAP proposed locations. The evaluation of these 
alternative locations was a complex problem with several parameters. Hence, the Multicriteria 
Decision Analysis Method (MCDA) was selected as an appropriate methodology for their 
evaluation and ranking. 


Figure 2. The three TAP proposed locations and the four alternative locations 
for the Compressor Station GCSO1. 
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2.2 Evaluation of alternative locations for the Compressor Station GCS01 

The Multicriteria Decision Analysis Method was performed by setting carefully selected 
criteria and alternatives. The factors ‘project development cost’, ‘aquifer pollution’, ‘soil pollution’, 
‘air pollution’, ‘noise and vibrations’, ‘accident risk’, ‘socio-psychological factors’ and ‘effect on 
local activities’ were selected as criteria Kj. Each table row in Table 1 corresponds to one of the 
seven alternative GCS01 Compressor Station locations Fi. Subsequently, weights Bj for each 
criterion and rankings per criterion and alternative were set in a scale of zero to ten (0-10). The total 
rank AE; for each alternative location is given by the Equation 1. The proposed locations by the 
TAP consortium, i.e. TAP1, TAP2 and TAP3, are physically close to each other, within a distance 
of less than 4 km, thus only one of them was evaluated since they have similar characteristics and it 
seems that TAP3 is the preferred one by TAP consortium. 


AE-X(B?EK;), i=[1...7] , j=[1...8] (1) 


In Equation 1, E;K; is the ranking per criterion and alternative in a scale of zero to ten (0-10). 
Among the sums AE; the minimum one is selected as the best, as the weights are set higher for 
more negative impact. On this basis all the alternative locations were evaluated as shown in Table 1. 

The weights of the different criteria were set by the authors taking into consideration, for each 
one, its nature and special characteristics according to the location. Other stakeholders may provide 
their own assessments since what is followed here is a transparent process. Hereafter the weights 
setting by the authors is explained and discussed. 


Table 1. Multicriteria Decision Analysis Method for alternative locations of Compressor Station 
GCS01I evaluation. 


Criterion Ki K, K; Ky Ks Ks K; Ks 
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E, TAPI 3 7 7 5 6 9 7 8 376 
E; TAP2 3 7 7 5 6 9 7 8 376 
E; TAP3 3 7 7 5 6 9 7 8 376 
E4 OTAI 7 3 3 2 4 7 6 6 239 
E; OTA2 4 4 4 3 4 7 6 7 266 
E; ANTI 8 2 2 1 2 3 5 4 146 
E; GK1 7 3 3 2 3 3 5 5 183 
Weight 1 8 9 7 8 9 6 6 
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The first criterion was the ‘Project development cost’, which includes costs for land acquisition 
and construction. The weight of this criterion was estimated as the lowest one, taking into 
consideration the tremendous economic benefits, of the TAP consortium, from the TAP operation 
and also the permanent character of negative effects to the local communities and the Prefecture of 
Serres in general. 

Weights for the three pollution criteria (Aquifer pollution, Soil pollution, Air pollution) were 
set high in a range from 9 to 7 and consequently the E;K; ranking was also high, in a range from 7 to 
5, for the TAP selected areas in the plain of Serres, where the phenomenon of temperature inversion 
occurs causing the accumulation of pollutants with high negative effects on humans and also 
agricultural and animal production. Additionally, locations close to residential or other settlements 
were ranked with a high E;K;, in a range from 9 to 7, as far as it concerns the criteria of accident risk 
and impact on local activities. Locations ANTI and GK1 are characterised by a high altitude, 560 
m. and 524 m. respectively [21] and a distance from residential and other settlements. Hence, the 
E;K; rank ranges between 1 and 3, concerning the criteria of noise and pollution. 

Objections against the three TAP proposed locations, include also the fact that aquifer is close 
to land surface, with a local minimum depth of 1 m, according to data provided by the Prefecture of 
Serres. In addition, the land value in the area of Skoutari and Neos Skopos is among the highest 
within the Serres Prefecture. These facts lead to low E;K; ranking in project development cost, equal 
to 3 points (the lower in this criterion) and the higher E;K; ranking in aquifer pollution, equal to 7 
points. 

The noise by the Compressor Station, as explained earlier, is going to be continuous and 
unceasing, and therefore acquires considerable weight as a criterion, set equal to 8. The location 
ANTI is characterised by high altitude and safe distance from residential areas, which is more than 
5 km away. However, there should be provision for sound effects in the natural environment (forest 
animals, insects etc.), that is why rating was set to 2. For GK1 location, which is more than 4.7 km 
away from the closest village, the rating was increased by one. The locations OTA1 and OTA2 are 
equally away from the nearest residential settlement, so their rank was set the same for both. 

The criterion K7 includes the social and psychological factors and the reactions of local 
communities, related to the acceptance of the selected Compressor Station location by the locals. 
Therefore, the rank for each alternative is clearly dependant on the distance from settlements, 
facilities and agricultural areas. 

The eighth criterion is the impact on local activities. These activities include premises and 
buildings, where people work, study or play sports. These facilities are: the Hippotherapy Centre 
located in Neos Skopos one of the two existing in Greece, the Serres Technological School, the 
Omonoia Athletic Park, the Greek Sugar Industry and the neighbouring industrial area, where every 
day hundreds of people work and move. In this criterion areas, such as workplaces or places where 
people accumulate, are considered. Hence, the locations on the Serres plain were ranked with the 
highest rating for this criterion (8 points). OTA2 was ranked with 7, OTA1 with 6, GK1 with 5 and 
ANTI with 4 points as it is the most remote from settlements location. It should be mentioned that 
the criterion weight for the last two criteria was set equal to 6 as their significance is quite 
important, but lower than that of the criteria K2-K6, because there is the possibility of financing 
certain activities and premises to relocate in safer locations. 


3. RESULTS AND DISCUSSION 


The performing of a Multicriteria Decision Analysis yielded ANTI location, on Kerdyllion 
Mountain, as the best solution, with an AE; sum equal to 146 points and as second-ranked, in terms 
of appropriateness, GK1 location, on Mount Vertiskos, with an AE; sum equal to 183 points. It is 
possible to construct the GCSOI Station at the GK1 location with a small deviation, of 11 km, 
compared to the already designed pipeline route by TAP AG. 
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The two above locations, having emerged as the optimal alternative solutions, do not seem to 
affect nearby settlements, in terms of accident risk and noise, as their distance from them is equal or 
more than 5 km. These locations are also characterised by a high altitude, potentially allowing for a 
better dispersion of air pollutants. They are also outside Natura 2000 protected areas. The TAP 
proposed locations are expressed by very high negative AE; sum, thus they should be reconsidered. 

Assuming that appropriate provisions are taken, air pollution could be probably reduced by 
using appropriate filters and increasing the height of chimneys significantly. Noise could be reduced 
by means of appropriate insulations. It seems that what could not be reduced is the probability of an 
accident, which is exacerbated by the fact that the area 1s seismogenic. Thus a change of the TAP 
selected location of GCS01 Station seems to be necessary. 

Considering the whole consultation process with local communities, as performed by the TAP 
consortium, it seems that those affected should be given appropriate documentation and scientific 
support in clarifying their questions and concerns. The Environmental Impact Assessment Study is 
a very lengthy document, not easily comprehensible by non-scientists, thus probably a certain 
budget should be foreseen, in the cases of such high-impact projects, for local communities to 
conduct their own independent evaluation of the plans and the assessment of potential impacts. 


4. CONCLUSIONS 


In conclusion, it is clear that the country can benefit from the construction of the TAP pipeline, but 
it is important, in this planning phase, to try to avoid significant negative environmental impacts by 
selecting an alternative location for the GCS01 Compressor Station. This location should be in 
compliance both with the needs of the construction project and the requirements of the physical and 
built environment. In this paper, the performed Multicriteria Decision Analysis designated ANTI 
location on Kerdyllion Mountain as the optimal solution, and GK1 location on Mount Vertiskos as 
the second best one, among these considered in the present study. The proposed by the TAP 
consortium locations were disqualified because of their proximity to a large number of villages and 
settlements, accident risks and other negative environmental impacts, which are assessed rather 
inadequately in the present TAP Environmental Impact Assessment Study. 
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Abstract 


Towards a strategic research agenda (SRA) on soil, land-use and land management in Europe, it 
was collected relevant national information on research demands for Portugal, based on key 
stakeholder interviews, a workshop and desk exercise. Priority societal challenges that were 
emphasised during this investigation were the food security and safety, the secure supplies of safe 
drinking water, and the reduction of raw material and resource consumption. According to National 
Key Stakeholders (NKSs) the specific topics (research needs) that should be included in the 
European SRA, were prioritised as follows: planning soil conservation; opportunities of innovative 
and sustainable agricultural technologies; strategies for soil/water pollution minimization and 
remediation; combating desertification; promoting urban green infrastructure; sustainable urban 
planning and brownfield redevelopment; impact of agricultural policies; competition between land 
uses; soil system mapping and monitoring; and resource efficient economy. It was highlighted the 
need to improve the dissemination procedure and was suggested enlarged stakeholder's 
involvement in the future research projects to increase application of research in practice and face 
effectively the local needs. Furthermore, stakeholders consider important to facilitate the access to 
databases and scientific publications through thematic online platforms, and improving the 
management and identification of national research projects. The dissemination of projects should 
include indicators to access the social impacts, policy implications and demonstrations of 
applicability, in addition to publications and public presentations. Notwithstanding some funding 
schemes were indicated as opportunities for future research, the NKSs recommend strategic 
partnerships between universities and enterprises, and a clear and accessible cost-benefits analysis, 
to increase the added value of research. The societal challenges facing Europe increasingly require 
research and innovation which integrates different approaches from across research disciplines. 
These often increase the impact and usefulness of the research for businesses and society. 
Concluding the inquiry, the NKSs consolidated recommendations on the future projects, which 
should promote interdisciplinary teams, integrate economic, social and environmental aspects, 
ensure mixed funding establishments, and guaranty social acceptance and findings applicability. 


Keywords: strategic research agenda; soil; land-use; land management 


1. INTRODUCTION 


There are many synergistic or competing potentials uses of limited land resource, which can impact 
the linked soil-sediment-water system (SSW). Protecting land and SSW system is critical to balance 
the demand and supply of ecosystem goods and our natural capital, to cope with the effects of 
several driving forces and to decrease the global footprint of human made production and 
consumption activities. To design sustainable strategies of land management and to decide from 
alternative uses of land it is indispensable to determine the biophysical and socio-economic 
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indicators and causes of resource degradation, both through scientific knowledge and from the 
perception of local populations [1, 2]. Research is necessary in order to steward land to a more 
sustainable future for Europe's citizens and its global partners. 

Policy, on the other hand, is essential because governments can promote the wise use and 
management of land. The instruments include local, regional and international laws, agreements or 
programs, and public education is probably the most important tool in the long run. Unfortunately, 
one of the reasons for inadequate implementation and adoption of sustainable land management is 
the lack of adequate mechanisms and channels for scientific knowledge transmission, and dialogue 
between science and police-makers [3, 4]. There is an urgent need to improve communication of 
scientific findings such that they inform policy at all levels. For that, the completed knowledge on 
land degradation must be interdisciplinary and have cross-sector approaches, providing a deeper 
insight into the socio-economic and policy aspects [5]. To ensure such interdisciplinary, the 
research methods must extend over the academic boundaries, enabling non-academic stakeholder 
engagement and the inclusion of practical questions. 

Multi-stakeholder approach is increasingly being promoted and implemented in social, 
environmental, and sustainability management research. Many studies have advocated and 
demonstrated the importance of the stakeholder participation (as land-users, decision makers or 
experts) as an integral component over the development of some sustainable management initiatives 
and strategies [6,7,8 and 9]. The iterative process, that includes knowledge exchange between 
scientists and potential users, it is fundamental not only to facilitate the application of valuable 
scientific knowledge on practice, but also to inform scientists about research needs and priorities 
from decision and policy-makers perspectives [8, 10]. Such information would be beneficial to 
consolidate research agendas and programmes, addressing challenging and multi-faceted problems 
[9, 11]. The involvement of key stakeholders helps to take into account local realities, strengths, and 
constraints when developing appropriate strategies, and can also reduce the level of conflict among 
participants [6]. Stakeholders based research creates a sense of ownership over the process and 
outcomes, and could increase the likelihood that knowledge and evidence will be used on practice 
decisions and policies, thus increasing their quality and durability [7, 8]. 

In that context arises the project INSPIRATION (Integrated Spatial PlannIng, land-use and soil 
management Research Action), financed from European Union under the Horizon 2020 program. 
The consortium comprises 21 partners from 16 European countries. The project aims to establish 
and promote the adoption of a strategic research agenda (SRA) for land-use, land-use changes and 
the related, impacted SSW system in order to meet current and future societal challenges and needs 
facing Europe. For that, a specific methodology was applied, in each country, to collected 
information on research and innovation needs, experiences and suggestions regarding connecting 
science to policy/practice, and existing and promising national and transnational funding schemes. 
This paper presents relevant national information for Portugal. 


2. MATERIALS AND METHODS 


The multi-national methodology was based on a multi-stakeholder and interdisciplinary approach, 
applied by National Focal Points (NFPs) working as knowledge exchange facilitators. Before the 
procedures to collect information, as for the other countries, in Portugal, a group of National Key 
Stakeholders (NKSs) was defined in order to include a variety of stakeholders from public bodies, 
business, scientific community, society, and relevant funders, across the various soil and land 
management disciplines [12]. 

Different approaches have been used to review research themes, identify knowledge gaps, 
questions and indicators from stakeholders, and develop research agendas for environmental 
management [9, 11]. On this project, it was applied personal questionnaires by interview, performed 
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a desk study and organized a final 2-day workshop discussion [13]. The outcomes of the collation 
of demands for research are taken up and reviewed following a conceptual model described in the 
next section. 


2.1. Conceptual Model 

The main EU-societal-challenges which are expressed in the Horizon 2020 work programmes 
inherently straddle disciplinary boundaries and changes in one sector can have undesirable and 
unexpected consequences in another. These challenges must be tackled to benefit from the land and 
the SSW system and still to protect the natural capital and resources. Consequently, such challenges 
should be met on the SRA development process, and research topics must demand for multi- 
dimensional and intra-disciplinary approaches. Therefore, in order to identify cross-country and 
cross-sectoral knowledge gaps, research questions are structured along four overarching 
perspectives within a conceptual model (Figure 1). 


Driving Forces: 
Natural, Land Use, Society & Policy 


Demand Natural Capital 
Exploitation of natural capital Defining and assessing natural 


and ecosystem services Pressure capital and ecosystem services 


provided by the SSW system & 
Protection 


Land management 
Options for integrated, cross 
sectoral concepts to balance 
demand and natural capital 


Net-impacts 
Impacts on global, regional and local 
as well as temporal scales 


Figure 1- Conceptual framework of the project Inspiration [14]. 


This conceptual model assumes the importance of land and the SSW systems as goods and 
natural capital stocks. However, there are multiple natural, land-use, society and policy drivers 
which affect these natural resources, their potentials and as well as their use, contributing to 
ecosystem degradation. An imminent question is the conflicting interests regarding land-use among 
the relevant stakeholders in a society (farmers, land planners, citizens, etc.), that leads to the 
paradigm of 'Either-Or': expectations of land-users towards maximizing economic benefits of 
natural resources stocks and goods on the one hand, and maximum requirements from societal 
groups towards different protective regulations on the other. Therefore, the sustainable management 
of land resources (agricultural, forest and urban) has to follow integrated, cross-sectoral concepts 
concerning the different demands of stakeholders. And lastly, on this process of natural capital 
management, the economic, societal, administrative and political impacts have to be assessed. Thus 
the net-impacts on a local, regional and global as well as temporal scale are significant back- 
coupling effects and determinants of crucial importance [14]. 
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The proposed conceptual model arises from the recognition of such complexity, necessary to 
take into account when analyzing the national situations and formulating the SRA around. It links 
four themes: resource demand and efficiency; defining and assessing natural capital; land 
management; and net-impacts on global, regional and local scale. Summarily, these themes aim to 
group research gaps concerning sustainable land management stewardship along four questions 
[14]: 

- Demand: What does society demand from natural capital and ecosystem services including the 

SSW-system? 

- Natural capital: What has nature, including the SSW-system to offer and which determinants 
sustain the system? 

- Land management: What are options for an integrated, cross-sectoral land management to 
balance societal demands and natural capital? 

- Net impacts: What are the impacts of different options of managing natural capital, including 
the SSW-system on global, regional and local as well as temporal scales? 


2.2. Desk exercise 

The desk-exercise was done since the beginning, complementary to the methods mentioned, and the 
obtained information can be seen as supportive/underpinning to the information provided by the 
NKSs. Via a desk-exercise NFPs investigated, organised, and summarized information obtained 
through interviews and workshop (publications, reports, etc.). This step was particularly important 
to identify/verify relevant documents, programmes or agendas suggested by interviewees. 
Moreover, it was essential to structure research questions according the conceptual model. 


2.3. NKSs interviews 

The personal questionnaires and interviews are common methods and aim to point stakeholders 
own perspectives. A questionnaire template for interviews of the NKSs by the NFPs was prepared 
[15]. The template is meant as a guide with sample questions and points of attention for the 
discussion with the NKSs. It is not prescriptive and not restrictive, the topics in the questionnaire 
are guiding and sample questions can be used as example. The questionnaire aims to obtain the 
information needed to give a foundation to the SRA at national levels regarding three mainly 
domains: research. & innovation needs; connecting science - policy/practice; national and 
international funding organisations and schemes. In Portugal, 20 NKSs were interviewed and 
selected to represent different disciplines and institutional backgrounds including: land-use 
planners; managers; soil, sediment and water experts; researchers, funders and regulators/policy 
makers. 


2.4. Two-day NKSs workshop 

Workshops were mentioned has beneficial as “learning space", in which the sharing of experiences 
can foster learning for participants and lead to new, creative ways of thinking about the process- 
based challenges [16]. It was organized at national level a 2-day workshop (Figure 2) where the 
collated information (NKSs interviews and desk-exercise) was reviewed, synthesized and 
prioritized by the NKSs, under NFPs facilitation. 
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Figure 2 — Two-day workshop sessions in Faro, Portugal. 


The workshop in Portugal took place at the University of the Algarve on 6-7 November, 2015. 
More than 20 experts from public and private funding institutions, research organizations, industry, 
NGO and regulation participated in the workshop, including the interview applicants. The workshop 
focused on different sections (Figure 2). 

After receiving the NKSs, NFPs made an informative presentation about the INSPIRATION 
project, and review and synthetize information already collected by interview and desk-exercise. 
Afterwards, NFPs facilitated three parallel sessions for discussion according the key domains 
(strategic research agenda topics, science-policy interface and possibilities for funding). Finally, 
conclusions were drawn up in a plenary session where the results of the three parallel theme groups 
were presented and integrated. 


3. RESULTS AND DISCUSSION 


3.1. Societal challenges 

Societal challenges were discussed during the interviews, since it is inevitably connected to the 
topics to be included in the SRA, and may be used as bases for defining of the overarching themes 
for aggregating such research needs. On the graphic it’s shown the percentage of NKSs answers for 
each challenge (Figure 3). 


Societal challenges 


Contribute to food security and food safety |. LLL 
Ensure secure supplies of safe drinking water | 
Ensure efficient use of natural resources |. LLL 
Contribute to climate change mitigation/adaptation D LLL 
Contribute to a healthy living environment | 
Secure energy supply and distribution | 
— 


Ensure secure infrastructure 


0% 20% 40% 60% 
NKSs answers 


Figure 3 - Percentage of NKSs answers to which societal challenges 
they consider more important. 


13" International Conference on Protection and Restoration of the Environment 703 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


Contribute to food security and food safety, ensure secure supplies of safe drinking water, and 
ensure efficient use of natural resources are societal challenges more frequently mentioned as 
priority and urgent for Europe, during the interviews and the workshop. Contribute to climate 
change mitigation/adaptation and contribute to healthy living environment are also important 
challenges with more than 5096 of NKSs answers. Secure energy supply and distribution and secure 
infrastructure were considered less priority comparatively to the other challenges. 


3.2. Research needs/topics for the SRA 

A synthesis of specific topics to include the SRA, indicated by the NKSs in Portugal, was done. It 
was reported many research questions aggregated in main ten topics. Below the research topics 
were summarized according to the interview and workshop discussions about why it is relevant and 
form whom, who will be affected and responsible. The specific questions were arranged according 
the conceptual model through desk exercise. 


PT1. Soil Conservation - Sustainable land management, soil fertility, soil regeneration, carbon soil 
sequestration, social awareness. 

PT2. Opportunities of innovative and sustainable agricultural technologies - Organic farming; 
sustainable practices; potential productivity of land; waste compost options; water use efficiency. 
PT3. Strategies for minimization and remediation of soil/water pollution 

PT4. Combating desertification - climate change, soil erosion and land degradation 

PT5. Promoting urban green infrastructure - grass management; urban agriculture; green-roofs. 
PT6. Urban planning and redevelopment - Brownfields redevelopment; multicultural cities; 
Ageing; Shrinking cities. 

PT7. Impact of agricultural policies - Environmental effects; socio-economic transformations; rural 
development. 

PTS. Competition between land-uses - land-use efficiency; bioenergy demand 

PT9. Soil system mapping and monitoring 

PT10. Resource Efficient Economy with a Sustainable Supply of Raw Materials -Multifunctional 
forest; Mediterranean landscape; non-wood forest products 


3.3. Science-policy-practice 

"Scientific knowledge" was essentially described, by NKSs in Portugal, as the acquired new 
knowledge obtained through scientific methods, including practice, experimentation and validation, 
to achieve specific objectives. NKSs revealed to use newly knowledge regularly and fundamentally 
to support land management, planning and decision making process, to produce innovative new 
products and methods, and also, on the academic field for dissemination through writing papers and 
teaching. The mainly sources to learn about are the scientific papers, conferences, reports and data 
bases (Figure 4). Television and newspapers are the lowest mentioned. 

Depending on their position and sector, NKSs were involved on the formulation of research 
questions, or on doing scientific research, or synthetizing it for policies and decisions. Some 
suggestions were done so that the obtained knowledge, from future scientific research, can be useful 
in practice and known in the wider society, namely: improve the results dissemination; include the 
involvement with the stakeholders/entities in the future research projects; facilitate the access to 
data bases and scientific publications through online platforms; improve the management and 
identification of national research projects through a platform; monitoring the practical application 
of policies and actions; valorize human resources; and improve connections between regional 
entities. Institutional barriers, conflicts of interest, gap between research and society, unclear 
investigation objectives, bureaucracies and the thematic concentration should be avoided. 
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Sources of scientific knowledge 

Scientific papers 

Conferences 

Reports 

Data (bases) 

Websites 

National experiences/ examples 
International experiences/.. 

Colleagues 

Consultants 


Newspapers 
Television 
0% 20% 40% 60% 80% 100% 
NKSs answers 
Figure 4 - Percentage weight of answers from NKSs in Portugal to question: 
Which sources of (scientific) knowledge do you use for doing your job? 


3.4. Funding schemes 

Several regional, national, European and international funding schemes were suggested by NKSs 
that could offer opportunities for research on soil, land-use and land management. Some NKSs 
consider the current funding options successful because usually promotes the creation of networks 
for continuation of research, but other reflects the low applicability of the research results on 
decisions or policies. To overcome it, they consider indispensable the requirement of the practice 
component in the funding programs, with the results demonstration and divulgation. On the other 
hand, the establishment of demonstrators set visibility to the results of the research, and the 
marketing of the results it's considered fundamental to get fund and recognized by the research 
funding communities. NKSs reflect during workshop sessions that it would be essential that 
scientific results from ongoing and finished projects are available through dissemination platforms 
(including cost outcomes assessment), for information, coordination and for awareness of possible 
future partnerships. It also could help to avoid the funding on already studied aspects. 

To increase the added-value of different financial resources for doing research that contributes 
to national and EU demands, NKSs consider fundamental a higher connection between research 
institutions and enterprises with specific and possible connected needs for scientific knowledge. 
There is general consensus that public-private partnerships can be a solution. It was also discussed 
the potential of multidisciplinary research projects and programs to achieve a multiplier of 
monetary funds. Though, NKSs think that to avoid the difficulty to recognize some integrated 
approaches related to land-use and management and SSW systems, it's necessary the definition of 
target sectors for research funding, that represent a line and mechanism with not only social and 
economic objectives but also concerning ecosystem sustainability. 

The projects findings should be emphasized near local and regional communities so that people 
can understand that research funding money is necessary for the country development and 
sustainability. On the last 40 years there was an evolution on the environment policies, however it's 
necessary to develop the population culture and awareness in environmental questions. 


4. CONCLUSIONS 


The societal challenges facing Europe increasingly require research and innovation which integrates 
different approaches from across research disciplines. These often increase the impact and utility of 
the research for businesses and other users. Towards the elaboration of European SRA on land and 
SSW management, specific information was collected and analysed for Portugal. A clear vision of 
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research state-of-the-art, needs/priorities, difficulties between science and practice/policy and 
funding prospects were obtained strategically among stakeholders. 

Concluding the national activities of INSPIRATION project, it can be perceived that 
Portuguese NKSs are conscious about land degradation pressures and its effects, and on the need of 
innovative and sustainable ways of land management. Besides, aware of some difficulties and gaps 
on science-practice interface and funding processes, NKSs consolidated recommendations on the 
future research projects on soil, land-use and management, which should promote interdisciplinary 
teams, integrate economic, social and environmental aspects regarding priorities and topics 
mentioned, ensure linkage between research institutes and companies facilitating funding 
establishments, and guaranty social acceptance and findings applicability. 
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Abstract 


Waste to Energy (WTE), is a compound method of waste management and energy production. Over 
the last 10 years, countries that have developed economically, have invested in the Waste to Energy 
solution and thus creating thousands of jobs. In addition, a new market was established, for the 
simple reason that countries like Sweden, not just invested in this solution for maximum utilization 
of the waste, but created a new service for other countries that do not afford that waste treatment 
method. Furthermore, Waste to Energy technology is considered as a Renewable Energy Source 
and the main reason is that MSW (Municipal Solid Wastes) are endless and as the years passing by, 
waste generation is going to increase dramatically. As a result of what is stated above, WTE 
investments give a huge upward boost to the GDP of countries which, first of all, spend millions in 
the landfill and CO» emissions fines and to import fossil fuels (oil, natural gas) for their energy 
needs. 


Keywords: Waste to Energy technology; GDP; waste management; MSW; waste; 


1. INTRODUCTION 


Wastes management is a common problem for every country on planet Earth, from the smallest one 
to biggest. The policy and the waste management methods are different in every country though. 
The main reason for that matter is the GDP of each country which controls the financial part of the 
waste management which of course is the most crucial [1, 2]. According to the Environmental 
Protection Agency, there are some steps in order to minimize the impact caused from the 
municipality solid wastes (WTE). First of all is the prevention and the minimization is coming after. 
Re-use and recycling are the next steps in an optimal way of waste management. Finally, energy 
recovery is the last waste management method before the waste disposal in a landfill [1, 2, 3, 4]. 

The Waste to Energy method is as mentioned above, a waste management method and at the 
same time an energy production source. Today, there are over 1.000 WtE facilities operating around 
the globe which treat hundreds of millions of waste and produce huge amounts of electricity and 
heat. The basic drawback of this waste management method is the initial financial cost which is 
very big compared with recycling plants or landfills [1, 5, 6, 7]. Of course as years passing by, the 
amount of wastes produced by people is going to increase. The Waste to Energy method, by many 
aspects is the most beneficial way of waste management and countries with high GDP/capita, invest 
on this method in order to gain from the multi-beneficial results. 
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2. WASTE MANAGEMENT METHODS AND INVESTMENTS IN EUROPE 


At the beginning of the financial crisis (2010) in Europe, each person generated about 468kg of 
municipality wastes in a yearly scale. Four years later (2014), with the economic crisis affecting 
Europe greatly, the municipality waste generation has been increased to 481kg per person. The 
main reason for this phenomenon is the population increase of European Union as well as the 
GDP/capita increase of some major economies such as Germany. [3, 4, 5] 


2.1 Waste Management and GDP/capita in Europe in 2010. 

In 2010, 22% from the total amount of waste generated from the European citizens, was treated 
with the Waste to Energy method while, 40% was recycled and 38% was going to the landfills. As 
it was stated above, WTE method is an expensive and high cost method so it was developed by 
countries with high GDP/capita and good financial state. For example, Germany, after the 2005 
landfill ban, developed the WTE method and as a result, 3596 of their wastes were treated with the 
WTE procedure while 65% was recycled. Another great example is Sweden. In Sweden, 49% of the 
MSW was treated in WTE plants while the other 5196 was recycled. On the other hand, there are 
countries in the European Union which are not so financially developed and they were considering 
other matters as priorities and not the waste management. As a result, for example in Cyprus 2096 
of the municipal wastes was recycled and the rest 8096 was going to landfills. Another example is 
Bulgaria in which 100% of the wastes generated, were going to landfills. Figure 1 presents the 
Waste Management in Europe in 2010 and Figure 2 presents the GDP/capita situation of these 
countries in 2010 [3, 5, 8, 9]. 

Based on the figures 1 and 2, it is obvious that countries with high GDP/capita invest large 
amounts of money in the Waste to Energy technology in order to achieve the optimal waste 
management solution. Countries with low GDP/capita, choose the landfills as the final destination 
of the majority of their wastes because they cannot afford the waste to energy technology. 


Waste Management EU 27-2010 
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Figure 1: Waste management methods and percentages in Europe, 2010. 
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Figure 2: GDP/capita of the European countries in 2010. 


2.2 Waste Management and GDP/capita in Europe in 2014. 

In 2014, many changes have been made since 2010 in the Waste to Energy Technology 
investments. Specifically, countries which had an increase in their GDP/capita, invested more 
money in the Waste to Energy technology. Although the financial crisis presence was still staying 
strong, countries like Estonia, Bulgaria and Lithuania which had a very low GDP/capita, decided to 
invest in the Waste to Energy Technology. Furthermore, countries like Switzerland, Norway and 
Denmark maintained their big investments in the Waste to Energy, transforming a waste 
management method to a very profitable financial method. Figure 3 presents the Waste 
Management situation in 2014-2015 in EU and Figure 4 presents the GDP/capita of these countries 
at the end of 2014. 
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Figure 3: Waste management methods and percentages in Europe, 2014. 
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Figure 4: GDP/capita of the European countries in 2014. 


First of all, it is obvious that every country which had an increase in their GDP/capita, it also 
showed an increase of the WTE technology usage. Countries like Germany, Sweden, Netherlands, 
Denmark, Belgium and many others, treat at least 35% of their wastes via the WTE procedure. 
Also, countries like Switzerland and Norway invested big in this method and as a result the WTE 
plants in these countries, treat more than 50% of their MSW. Finally it is obvious, that there is a 
tendency by European countries for new investments in the WTE technology which could be 
observed from the increase in the WTE usage in waste treatment from 20% in 2010, to 29% in 
2014[5, 8, 9]. 


2.3 Waste Management and GDP/capita in the Rest of the World 

United States of America have shown a huge interest in the WTE technology from the late 80's 
and combined with an increase of 1096 of the GDP/capita(2010-2014), they used large amounts of 
money in the optimization of this technology. As a result, in United States of America, the 7.696 of 
the total MSW generated is processed at waste-to-energy facilities while 63.5% is going to landfills. 
The outcome of the WTE technology usage in USA is that 30 million tons of trash per year is 
treated, producing about 2.800 MWh of electricity. Also, many facilities sell steam for heating 
directly to end users such as industries, office buildings and civilian houses [5, 6, 7, 10]. 

Africa and Latin America are 2 parts of this planet in which WTE technology is something 
unknown and the major reason is the extremely low GDP/capita and the bad financial situation 
these areas are into. There are investment plans and ideas on the table, because in these regions, 
billions of wastes produced each year and except a small amount of them which will be recycled, 
the rest of them are going to landfills and dumpsites. Unfortunately, the countries there are not so 
stable in many aspects so the risk of an investment of an *outsider'' will be big [3, 5, 11]. 

Australia is considered as a goldmine for the WTE companies. First of all, 18 million tons of 
waste produced each year in Australia. There are over 30 sanitary landfills which produce huge 
amounts of CO2 and other gasses result a huge impact in the environment. Although Australia has a 
high GDP/capita, the country policy and investments are not involved with waste management. A 
contract of a 400 million WTE plant has been signed in January 2016, its construction will be 
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completed at the end of 2018 and it will receive wastes from six different council areas, producing 
electricity for 35.000 households [12, 13]. 

Asia is consists of 54 states, 6 of them are dependent territories. From the 48 Asian states, 
except from Japan, Korea, China and India, the rest of the countries have a very low GDP/capita 
and as a result their waste generation is going to dumpsites and illegal landfills without control and 
inspection. From the other 6 countries, only Taiwan which is a province of the People's Republic of 
China, has developed and invested the WTE technology [8]. 

As it was mentioned above, GDP/capita is a key factor in the WTE investments. Nevertheless, 
there are countries like Japan which although they suffered a significant decrease in the 
GDP/capita from the 2010 to 2014 of about -23%, the policy of the Government led to new 
investments in the WTE technology. As a result, from a total of 55 million tons of wastes produced 
each year in Japan, about 38 million tons are treated in Waste to Energy plants which were 
increased from 250 in 2010, to 370 in 2014. Japan is considered as the largest user of WTE 
technology worldwide [5, 14, 10, 15]. On the other hand, China, which is considered as one of the 
world's fastest developed countries, from the late 90's started to invest big in the WTE technology. 
China is the verification of the rule of the dependence of the WTE investments and the GDP/capita 
of a country. China in 2010 had already 77 WTE plants in its territory operating, treating about 23 
million tons of wastes (1596 of the total MSW generated. In 2014, 4 years later and with an increase 
of about 3296 in its GDP/capita, 13 more WTE plants started their operation, treating about 30 
million tons per year (2096 of the total MSW generated). Finally, the Government of China has 
announced the construction of another 200 WTE plants until 2020, following the path of Sweden in 
the Waste Management policy and one of these plants in the town of Shenzhen will be the largest 
WTE facility in the world with yearly waste treatment of about 1.825.000 tons of wastes [5, 10, 16, 
17]. Taiwan, is a great example of a country which invested big in the Waste to Energy technology. 
Taiwan, like China is one of the fastest developed countries worldwide. Taiwan's GDP/capita was 
approximately 30.525 $ in 2006 and only 10 years later it is increased significantly (4096) to 43.599 
$. Another admirable thing about this country is the fact that although its GDP/capita went high, the 
MSW generation reduced from 8.900.000 tons of waste per year in 2000, to 8.000.000 tons of waste 
per year in 2010. That is a considerable achievement considering the fact that GDP/capita and 
Waste Generation are two co-depending values. Nevertheless, Taiwan has 26 operating WTE 
facilities which are treating about 5096 of the MSW produced and 2 more plants will be operating 
until 2020 [5, 18, 19]. India, is a country with a huge GDP/capita growth over 100% (from 729$ to 
1518$ in the last 10 years. India is the second goldmine for WTE companies and the obvious reason 
is that 227.000.000 tons of wastes are generated each year. Unfortunately for the waste management 
sector, the policy of the financial growth of the country is based on the development in energy 
sector and the waste management is far behind. The fact that only 5196 of the wastes generated are 
collected says it all. At 2008, 2 WTE plants and one RDF plant (Refuse-derived-fuel) are operating 
in India treating about 1.1 million tons of wastes each year, a tiny amount compared to the total 
MSW generation. Indian Government stated in an Environmental Conference in 2015 that until 
2025, over 50 million tons of wastes will be treated with the thermal procedure in WTE plants [3, 5, 
8]. Finally, Korea is a country with a relevant financial growth and a good GDP/capita value. The 
environmental and waste management policy is the same as China and Japan. At 1995, the total 
amount of MSW produced in Korea was about 18 million tons of wastes, from which 23% was 
recycled and composted, 6% was thermally treated and the rest 71% went to landfills. In only 15 
years, these percentages became completely different which means that huge investments were 
made and changed the waste management sector completely. Specifically, the amount of wastes 
produced from Korean citizens in 2010 was about 19 million tons of wastes from which 5896 was 
recycled and composted, 23% was thermally treated in WTE facilities and only 19% was going to 
landfills. In 2016, there are over 60 WTE facilities which treat about 6 million tons of wastes each 
year [20, 21]. 


13" International Conference on Protection and Restoration of the Environment 71 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


CONCLUSIONS 


This work examined the importance of the GDP/capita and the connection that it has, concerning 
the Waste-to-Energy Development and Investments. A huge increase in the amount of investments 
has been observed specifically over the last 15 years in the WTE sector. The reason that this method 
is so more beneficial than other waste management methods is that it is not only a simple waste 
management method but it is also an environmental friendly way for energy production. As it was 
also mentioned above, it is an expensive waste management- energy production method and that is 
why, developed and highly developing countries invest to it. 

As the years passing by, landfills and dumpsites should be banned for the optimal preservation 
of the environment. As the latest trends showed, many WTE plants will be developed and operate in 
the following years in many countries so first of all, all these billions of tons of wastes which end 
up in landfills will be treated properly and produce millions of MWh of electricity and heat and 
save huge amounts of CO2 which would be produced from fossil fuels usage. 


REFERENCES 
[1] Mavropoulos, A., 2010. Waste Management 2030+, Waste Management World. 
[2] http://www.cewep.eu/ (accessed April 10, 2016) 


[3] http://www.iswa.org/ (accessed April 10, 2016) 

[4] http://ec.europa.eu/eurostat/documents/299552 1/6757479/8-26032015-AP-EN.pdf/a2982b86-9d56- 
401c-8443-ec5b08e543cc (accessed April 10, 2016) 

[5] http://www.atlas.d-waste.com/ (accessed April 12, 2016) 

[6] Michaels, T., 2014, The 2014 ERC Directory of Waste-to-Energy Facilities, Energy Recovery Council. 

[7] US EPA Archive Document, 2012, MSW Fact Sheet, Municipality Solid Waste Generation, Recycling 
and Disposal in the United States: Facts and Figures for 2012. 

[8] http://www.worldbank.org/ (accessed April 3, 2016) 

[9] http://ec.europa.eu/eurostat (accessed April 3, 2016) 

[10] Themelis, N.J., Mussche, C., 2013, Municipal Solid Waste Management and Waste-to-Energy in the 
United States, China and Japan, 2" International Academic Symposium on Enchanced Landfill Mining. 

[11] Themelis, N. J., Barriga, M.E.D., Estevez, P., Velasco, M.G., 2013. Guidebook for the Application of 
Waste to Energy Technologies in Latin America and the Caribbean, Earth Engineering Center, 
Columbia University. 

[12] Fernandez, I., 2013, Australia — Land of Opportunity for Waste to Energy & Recycling., Waste 
Management World. 

[13] Laschon, E., 2016, Contract inked for $400m Kwinana thermal waste facility in WA., ABC News. 

[14] Cooper, J. 2011. Japan's Waste Management Situation, Waste Management World. 

[15] Ministry of the Environment, 2014, History and Current State of Waste Management in Japan., Ministry 
of Environment. 

[16] http://www.econews.gr/2016/03/01/kina-apovlita-energeia-128799/ (accessed April 4, 2016) 

[17] Themelis, N.J., Zhang, Z., 2010. WTE in China, Waste Management World. 

[18] Allen, C., 2012, TAIWAN, Community Action Leads Government Toward Zero Waste., GAIA (Global 
Alliance for Incinerator Alternatives) 

[19] http://www.tradingeconomics.com/taiwan/gdp (accessed April 3, 2016) 

[20] Ryu, C., Shin, D., 2013, Combined Heat and Power from Municipality Solid Waste: Current Status and 
Issues in South Korea., Energies. 

[21] Themelis, N.J., Seo, Y., 2013, Current MSW Management and Waste-to-Energy Status in the Republic 
of Korea, Earth Engineering Center, Columbia University. 


712 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


A social survey (2016) on how the economic crisis affects peoples’ 
attitudes towards energy and environmental subjects 


P. Kosmopoulos , A. Kantzioura, I. Kosmopoulos, K. Kleskas, A. M. Kosmopoulos 


Laboratory of Environmental and Energy Design of Buildings and Settlements, 
Democritus University of Thrace, Department of Environmental Engineering, Xanthi, Greece. 
*Corresponding author: Email: pkosmos @env.duth.gr 


Abstract 


This article presents a panhellenic social survey regarding Environmental subjects. It is a well- 
known fact that Greece is suffering from an Economic Crisis among other E.U. countries. This 
crisis coincides with the time that Greece is supposed to take measures for Environmental 
Protection in general, that should aim both at Energy Saving, and at gaining energy from 
Renewable and Alternative Sources. During the last decade, our Laboratory is conducting social 
surveys regarding people's attitudes towards the Environmental issues and the application of RES 
every two years. This specific research presented here is of special interest. It aims at the 
investigation of how peoples' attitudes and views towards the Environmental subjects and the use of 
RES. are affected by the Economic Crisis, and a rather dystopian general future. How serious and 
important are the environmental issues considered to be when people feel that their everyday life is 
threatened? This subject is approached through a panhellenic survey analyzing the data gathered by 
questionnaires. 

Within a framework of an international economic crisis, Hellas has been the first of the 
European countries that has been badly affected. But at the same time, according to the E.U. 
Directives, Hellas has to conform with the regulations regarding the application and the use of 
Renewable Energy Sources. 

It is very interesting to see how environmental matters are faced in general, regarding energy 
sources, fuels and related costs during this transitory period. But parallel to the above, Hellenic 
people have to face their household economics, their traditional attitudes towards their environment 
(both built and natural) and their dependence from imported fuels (oil and gas). 

It is at least an intriguing subject to see how people cope with the above mentioned 
circumstances. Among other research projects our Laboratory, every two years, conducts a social 
research regarding the attitudes of Hellenic people towards R.E.S. (see Kosmopoulos 2002; 2004; 
2006; 2008; 2011; 2013). 

A large number of areas and cities have been covered, offering a satisfactory image of the 
subject. The conclusions of the research project, are very important describing peoples' attitudes 
towards environmental and R.E.S. matters during this critical period of the country. 


Keywords: energy; Renewable and Alternative Sources; environment; social survey; economic 
crisis. 


1. INTRODUCTION 


Within a framework of an international economic crisis, Hellas has been the first of the European 
countries that has been badly affected. But at the same time, according to the E.U. Directives, 
Hellas has to conform with the regulations regarding the application and the use of renewable 
Energy Sources. 
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The perspective of R.E.S. application covers a wide range of fields. The first level, according to 
the recent legislation, regards the application of R.E.S. and especially photovoltaics in buildings 
whether private or state, in order to achieve electricity production from the shelter of the buildings. 
The second level, regards the installation of larger units of P.V. systems in land properties. The 
third level, refers to the large scale installations, which aim at a national level of R.E.S. exploitation. 

It is also interesting to see how environmental matters are faced in general, regarding energy 
sources, fuels and related costs during this transitory period. 

The sensitivity of Hellenic people towards environmental matters is a well known fact: the 
traditional architecture, the antiquities, the natural environment and the related protective 
legislation, have established a concrete culture, which more or less, nowadays has to be denied. It is 
obvious that a new environmental aesthetics culture has to be shaped. 

But parallel to the above, Hellenic people have to face their household economics, their traditional 
attitudes towards their environment (both built and natural) and their dependence from imported 
fuels (oil and gas). 

It is at least an intriguing subject to see how people cope with the above mentioned 
circumstances. 

Among other research projects our Laboratory, every two years, conducts a social research 
regarding the attitudes of Hellenic people towards X R.E.S. (see Kosmopoulos 
2002/2004/2006/2008/201 1/2013) [1,2,3,4,5,6,7,8,9]. The increasing interest regarding the R.E.S. 
applications and their benefits, has been well shown during the past years, and also the increasing 
level of familiarity with the related subjects has also been shown. But this instance, with the official 
legislation on one hand pressing for the use of R.E.S., and the economic crisis on the other hand, the 
present social survey seemed to be at least intriguing. 


2. ANALYSIS 


2.1 The research project 

The survey has been planed by the director and the staff of the laboratory of Environmental and 
Energy Efficient Design for Buildings and Settlements. An initial pilot study took place, some 
necessary corrections were made, and then the pan-Hellenic survey has been conducted. It lasted 
from October 2015 until February 2016. The survey has been carried out by members of the 
Laboratory and a large number of students and postgraduates that attend our lectures. 

A large number of areas and cities have been covered, offering a satisfactory image of the 
subject. 

As for the subjects among the citizens, there has been a random selection covering the whole 
area of each city and its suburbs, all age groups, and several occupation and educational level 
groups. 

More over, two special groups have been investigated: a group of students of environmental 
engineering, and also a group of already qualified professionals that attend postgraduate courses 
regarding environmental design. 

The questionnaires gathered, have been processed by the staff and the collaborators of our 
Laboratory. The task has been to extract easily understandable data, in order to help the authorities 
that might be interested to use the results of our survey. 

The questionnaire is based upon the Guttman scale [10] but it has been adapted to the well 
approved and generally accepted 5 point Likert scale, in order to be comparable to all previous 
relative study [1,2,3,4,5,6,7,8,9]. 
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2.2 The survey 
The research project, regarding the social attitudes towards the environmental subjects during this 
critical period, has lasted from 10/2015 to 2/2016, all over Hellas (and Cyprus) through the 


collection of questionnaires, and has covered the respective number of valid questionnaires: 


City Quest. City Quest. City Quest. 
AGRINIO 28 KAVALA 39 XANTHI 44 
ATHINA 274 KALAMATA 28 ORESTIADA 14 
ALEXANDROUPOLI 34 KARDITSA 26 PATRA 43 
AMYNTAIO 18 KASTORIA 33 PEIRAIAS 42 
VEROIA 27 KATERINI 18 RETHYMNO 17 
VOLOS 48 KERKYRA 22 RODOS 21 
GIANITSA 19 KILKIS 18 SERRES 47 
GREVENA 29 KOZANI 39 SPARTI 22 
DIDYMOTEICHO 17 KOMOTINI 45 TRIKALA 17 
DRAMA 34 KORINTHIA 28 TRIPOLI 11 
EDESSA 29 KYPROS 48 TYRNAVOS 13 
IGOUMENITSA 24 KOS 12 FLORINA 38 
IRAKLEIO 42 LARISA 39 CHALKIDA 21 
THESSALONIKI 185 LEFKADA 11 CHANIA 15 
THIVA 27 MYTILINI 21 
IOANNINA 22 NAFPLIO 18 
2.3 The social survey results: 
2. Sex 3. Age Groups 
41.69 
32.88 
m1.15-18 m2.19-25 
8 3.26-35 m4. 36-45 
E 5.46-55 m6. 56-65 
E 1. Male E 2. Female m 7.66-75 m 8.76 & over 
4. I live... 5. Educational level 
0.38 17.29 
1.14 
2.28 — 11.57 
56.17 28.84 
: A NeR E 1. Elementary B 2. High School 
o 3. No eee E 3. Lyceum B 4. TEI Degree 
m 5. University Degree 
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6. Occupation 


11. No response 
10. Other 
Unemployed 
Pensioneer 
Student (Univ. or PG) 
Housekeeping 
Farmer 
Business 

Self employed 
Civil Servant 
Employee 


PNyPRSONS!D 


7. How much money did you spent annually on various forms of energy, e.g four years ago 
and how much this year? (Averages) 


892.19€ 


Oil 1,456.48 € 
563.35€ 
Electricity: heating, aircondition 717.71€ 
2l 729.37€ 
Electricity:... 787.94€ 
628.55€ 

Natural gas 792.26 € 

. 597.62€ 

Woods, pellets, biomass 419.85€ 
583.47€ 
Other (geothermy, tele-heating, etc.) 718.18€ = This year 


B e.g 4 years... 


8. Do You know what Renewable Energy Sources are? 


0.19 
33.59 


6.06 1.71 


E 1.Very 


well 
B 2. Well 
enough 
E 3. So and 


so 
39.85 B 4. A little 


9, How well do you know about the following: 


9.1 Photovoltaics in buildings: 9.2 Photovoltaics in land properties: 


10.25 3.23 


10.44 1.7 23.72 


25.62 
\ E 1. Very well 23.91 N E 1. Very well 
m 2. Well enough E 2. Well enough 
E 3. So and so 
E 3, So and so 
m4. A little 
40.04 s. Notatall 19 MASE 
E 5. Not at all 
9.3 Photovoltaic Parks: 9.4 Wind Generators: 
12.9 4.55 18.79 1252 494 14.61 
N B 1. Very well B 1. Very well 
B 2. Well enough B 2. Well enough 
E 3. So and so m= 3. So and so 
E 4. A little i 
31. Tyr 31.1 36.81 E 4. A little 
i E 5. Not at all & 5. Not at all 
716 13" International Conference on Protection and Restoration of the Environment 


Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 
C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: 978-960-6865-94-7 


9.5 Wind Generators Parks: 9.6 Geothermy for buildings: 


5.5 
14.8 12.72 
oe m 1. Very well 14.42 
m 2. Well enough 22.32 me Very wel 
m2. 
——— 2. Well enough 
. E 3. So and so 
E 4. A little 
31.12 33.59 E 4. A little 
m= 5. Not at all 
27.89 E 5, Not at all 
9.7 Geothermy for settlements: 9.8 Biomass (wood blocks and pellets): 
5.5 
17.46 8.35 13.09 23.15 
15.18 
m 1. Very well m 1. Very well 
m 2. Well enough E 2. Well enough 
E 3.So and so E 3. So and so 
30.17 m 4. A little m 4. A little 
28.84 m 5. Not at all 34.92 m5.Notatall 
9.9 Double Glazing: 9.10 Insulation in walls: 
4.93 1.71 4.93 2.09 
12.33 40.23 39.28 


B 1. Very well B 1. Very well 


E 2. Well enough B 2. Well enough 


E 3. So and so E 3. So and so 


= 4. A little s 
40.8 37.19 Ea 
m5. Not at all 5 5. Not at all 
9.11 Glass House: 9.12 Fan: 
5.5 4.55 2.66 
20.3 42.13 
16.13 20.3 

E 1. Very well 


E 1. Very well 


m2. Well h 
E 2. Well enough ell enoug 


E 3.So and so 
E 3. So and so 


m4. A little 


E 4. A little 


27.7 


10. Do you know that all of the above can 11. Do you know that all of the above can 


30.36 E5. Not at all 
30.37 E5. Not at all 


help the family income? help our national economy to become 
independent from imported oil and natural 
gas? 
4.17 626 


E 1.Yes E 2.No m 1. Yes 82. No 


12. Do you know that all of the above can 13. Do you already use any of the above? 
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help to reduce environment pollution? 


2.28 


$5.0/ 


97.72 


E 1.Yes m2.No m1.Yes ™2.No 


13.1 If yes, which one: 


E Biomass 54.01 
m Geothermy for settlements 

B Geothermy for buildings 

m Wind generator 

E Phoyovoltaics in land property's 


B Phoyovoltaics in buildings 


13.2 If no, would you like to install any of them: 


m 5. Other 

B 4. At our office or manifacturing installations 
m 3. To the building where I work 

E 2.Atfarm 

m 1. At home (roof, facade, yard) 


14. If you have already attempted to do so 
what is your comment on the necessar 


15. If vou are reassured from the authorities 
that you will have definite economic gain 


beaurocracy? and a simple beaurocratic procedure, would 
ou proceed to install any of the above? 
2.09 4.56 2.66 


1.9 


Roc E55 m1. Very helpful 32.83 m 1. Definitely yes 
E 2. Simple B 2. Rather yes 
= 3. Maybe 
R2: Soana so E 4. Rather no 
B 4. Hard to cope m5. No 


11.57 with 
B 5. Disappointing 


16. Do vou think that the installation o 


m 6. No Response 


. Would you accept a nuclear plant in our 
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P.V.SS and W.G.S  insult/destroy the country? 


aesthetics/natural beauty of buildings 
and/or the natural environment? 


9.87 


21.77 


13.85 ame 
B 1. Definitely yes potinkety ves 
m 2. Rather yes 
Rather yes 
m 3. Maybe 
E 4. Rather no Maybe 
E 5. No m 4. Rather no 
30.74 m5.No 


m6. No Response 


18. We have learned that there are fossil 19. Finally, would you wish to see a wide use 


fuels in our country. of R.E.S. for the following reasons: 
Do you think that their exploitation: 
B Would help the energy/economy of our country E To improve the national economy 
m Would offer profit to the oil companies m For the independence from foreign countries/compar 
E Would harm the natural environment (imported oil and gas) 
m Will help the greek citizens financialy E For the household economy 
B For a clean environment 
45 4 38.32 
40 
35 - 30 5 26.71 
30 - 25 - 
25 7 17.203 16.63 20 - 
20 - : ° | 
15 - 15 - 
10 4 10 - 
5 E 
0 5 1 
0 d 


3. DISCUSION AND CONCLUSIONS 


The number of the participants to this research, and the answers that have been gathered, permit us 
to point out several subjects of interest. 

1. Both male and female, and also all age groups, have been covered satisfactorily. 

2. The educational level and also the occupation of the participants, have also been covered 
satisfactorily. 

3. 'The cognitive level regarding Renewable Energy Sources, seems to have scientifically 
improved regarding our previous relative surveys. Both the general questions regarding R.E.S. and 
the specific questions regarding partial subjects such as PV or WG or parks to mention some, seem 
to be “well enough" known by the public. 

4. For example, to the question about PVs the “well enough" level from 30.7% in 2011, in this 
research, it has reached 42.27%. And regarding PV parks, the “well enough" from 25.20% has 
reached 31.02%. 

5. Regarding WGs, from 25.72% in 2011 we find now 36.87%, and in WG parks, from 22.40% 
today it has reached 30.68%. In conclusion, the campaign by the media seems to be achieving its 
aim. 

6. Geothermy does not seem to be well known, contrary to Biomass (wood blocks and pellets) 
that due to the high prices of oil and natural gas, seems to become popular (from 17.9996 to 
67.27%). 

7. Regarding the economy point of view, several interesting remarks can be pointed out: Most 
people seem to have understood that R.E.S. can help both the family income and the national 
economy. 
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8. Among the people that already use some of R.E.S., Photovoltaics and especially Biomass are 
ahead. 

9. People who would like to install R.E.S., are interested to do so firstly at home, and then to a 
farm or land property. 

10. A very important point that has been underlined, is that recently (August 2012) a new law has 
decreased the income from the installation of PVS, and it seems that this policy will continue. This 
legislation has a negative affect to the interest towards new installations of PVs. 

11. Regarding bureaucracy, which seems to be a major problem in Greece, people seem to be 
disappointed, but in case the state should establish simple and clear rules and also some guaranteed 
economic gain for the citizens, R.E.S. applications should definitely increase. 

12. Regarding personal attitudes about financial contribution to the R.E.S. application, an amazing 
67.59%, despite the crisis, should willingly offer some money, depending upon each person's 
economic status. 

13. Another interesting subject, is the change of the attitudes towards the aesthetics of the 
environment concerning the installation of R.E.S. all over the country. During two previous surveys 
(e.g. 2007, 2009) people seemed to be firmly against large scale installations, arguing about the 
natural environment preservation. Nowadays, most people seem more interested in installing R.E.S. 
in their property, since 80.14% declare not to be disturbed by the PVs and/or W.Gs. 

14. Regarding the possibility of the construction a nuclear plant station in Greece, people point out 
the seismic activity of the area and the danger of severe pollution, and seem to be definitely against 
such an idea (84.1%) 

15. Recently, it has been known that in Greece there are large amounts of fossil fuels. Of course 
people are not precisely informed, but anyway they consider that in case these fuels are exploited, 
firstly it would help the economy and the energy problem of this country, but also that it would 
offer profits to the (foreign) oil companies. 

16. Finally it is interesting to see the general attitudes of the participants towards the wide use of 
R.E.S. firstly, for the protection of the environment, secondly for the improvement of the national 
economy, but also for the independence from imported fuels, and the less energy cost for each 
household, though this recently, seems to fade away. 

17. Comparing now age groups with the answers gathered, younger people seem to be more 
familiar with PVs and WGs, more thoughtful about nuclear energy, more skeptical about the 
economics of the household, and more protective towards the environment. 

18. Comparing the educational level of the participants with their views towards the environmental 
subjects, in brief we can observe that the higher the degree, the more they know about R.E.S., they 
are more reluctant to contribute financially to the state attempt for R.E.S. applications, they have 
faster been adapted to the idea of PVs and WGs around them, and that they point out as their main 
interest, the protection of the environment, though the use of R.E.S. 


Concluding Remarks 

1. Despite the economic crisis and a rather hard future, people seem to be well informed regarding 
the subject of R.E.S.. 

2. People are interested indeed for the protection of the environment, for the national economy, 
for the release from imported fuels, and finally for the personal/family economic profit from 
the application of R.E.S., but they are also disappointed from the new economic policy applied 
to R.E.S.. 
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Abstract 


Based on the Lot 4: Industrial and Laboratory Furnaces and Ovens — Tasks 1 — 7 Final Report of 
2012, the European Commission's Working Document of 2014 for the Ecodesign Consultation 
Forum on industrial and laboratory furnaces and ovens, depicted the first draft measures and 
requirements for the product group, aiming specific energy savings and the related greenhouse 
gases emissions (GHG) reduction. In this paper, the abovementioned studies’ results regarding 
energy consumption and GHG emissions will be demonstrated. These draft calculations and 
predictions launch the discussions on the future measures, in order to conclude to the official 
Mandatory Regulation. 


Keywords: Eco-design; energy consumption; European Union legislation; greenhouse gases 
emissions; industrial furnaces/burners 


1. INTRODUCTION 


Ecodesign legislation studies regarding industrial furnaces/burners have reached halfway. In 2005, 
the initial version of the Eco-design Directive for Energy-using Products (EuPs), was published. 
[1.2] In 2008, an amending Directive to the Eco-design Directive 2005/32/EC was adopted, while in 
2009, the recast of this Eco-design Directive was drafted. The Eco-design Directive 2009/125/EC 
sets the framework to decide on policies directly affecting energy-related products in the 27 
Member States. The first Working Plan of the Eco-design Directive adopted in 2008 listed the 
product groups which were considered as a priority for implementing measures in 2009-2011. The 
Commission prioritized ten product groups that have a volume of sales and trade of more than 
200,000 units per year within the Community, along with significant environmental impact: High 
energy consumption, long operating time, related emissions and waste generation and other 
environmental impacts of materials used. However, these products have also a significant potential 
for improvement, such as high potential for energy savings and potential for other environmental 
improvements. This list included ‘industrial and laboratory furnaces and ovens'. On this cause, a 
preparatory study was launched in 2010 resulting to a final report that was published in September 
2012. Eventually, the European Commission's Working Document of 2014, presented the first 
indicative, draft, eco-design requirements/measures for discussion in the Consultation Forum, 
which consists of stakeholders, groups of experts, etc. (Figure 1) 
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Figure 1: Environmental Legislation process so far, regarding Industrial Furnaces and Ovens product group [1] 


Draft 
Implementing 
Measure 


The Eco-design Directive’s target is to set the frame of the mandatory minimum requirements for 
each product group, leading to specific implementing measures for each product group after a 
certain procedure. There is a lot of research material regarding the European Commission’s Eco 
Design Directives and its prioritized product groups that are set under investigation, especially the 
ones related to the domestic sector. But, regarding the ‘industrial and laboratory furnaces and ovens' 
product group, although there is a complete study building on the Eco Design Directive, an absence 
of a summary concerning the industrial furnaces specifically can be observed. In this paper, this 
‘gap in knowledge’ will be attempted to be covered. [1-10] 


2. BASE CASES AND ENVIRONMENTAL IMPACTS 


According to the EC's Working Document and the corresponding preparatory study, the current 
final energy consumption of all industrial and laboratory furnaces and ovens is 1650 TWh/year, i.e. 
almost the half of the overall EU industrial sectors energy consumption. The ENTR Lot 4 
preparatory study classifies furnaces depending to their size to laboratory («120 litres), small and 
medium (120<capacity<10 tones for batch and 120<per day<20 tones for continuous) and finally, 
large and very large (>10 tones capacity for batch and >20 tones / day for continuous). It also 
categorizes the product group in 7 major base cases (BCs) as follows: 

e  BCI: Laboratory ovens and furnaces 

e  BC2: Medium size batch oven (electric/gas) 

e  BC3: Batch chamber furnace (electric/gas) 

e  BC4: Continuous oven (electric/gas) 

e BCS: Continuous belt furnace (electric/gas) 

e  BC6: Large furnace (fossil fuel [gas]) 

e  BCT: Very large oven (fossil fuel [gas]) 

The current paper focuses on the medium and large sized furnaces and oven products which 
consume approximately 1,646 TWh of energy per year and the 2-7 base cases.[1] For the better and 
more detailed comprehension of the above categories the next list was created, categorizing the 
products according to the fuel used for their operation [9,10]: 

BC2a: Medium size batch oven (electric) 
BC2b: Medium size batch oven (gas) 
BC3a: Batch chamber furnace (electric) 
BC3b: Batch chamber furnace (gas) 
BC4a: Continuous oven (electric) 
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BC4b: Continuous oven (gas) 

BC5a: Continuous belt furnace (electric) 

BC5b: Continuous belt furnace (gas) 

BC6: Large furnace (fossil fuel [gas]) 

BC7: Very large oven (fossil fuel [gas]) 

The environmental impacts of each base case will be assessed in the next lines. The impact 
assessment was held by the Lot 4 study based on the MEEuP (EcoReport Unit Indicators) 
methodology for each life-cycle stage [9]: 

a) Raw materials use and manufacturing (production phase) 

b) Distribution phase 

c) Use phase 

d) End-of-life phase 

In the ENTR Lot 4 study, European Union's 27 Member States total impacts were calculated 
with the multiplication of the environmental impacts of each base case by the number of this base 
case type of furnace/oven currently in stock in the Union. In this work, special focus will be given 
to the energy consumption and the GHG emissions impacts, which are also some of the most 
significant issues for the environment. These impacts are demonstrated per base case and in total, 
annually, in Table 1. 

For the base cases 2-5 (medium size furnaces & ovens) there is a total primary energy 
consumption of 760.88 PJ/year, so approximately 211 TWh/year. There is also a Global Warming 
Potential (GWP) of 34 million tonnes CO» equivalent per year. According to the Lot 4 study, the 
electrical-powered furnaces/ovens demonstrate the largest environmental impacts during their use 
phase (due to electricity consumption). On the other hand, gas-powered furnaces/ovens demonstrate 
5 major impacts during their use phase and 5 major impacts during the production of the materials 
phase. This difference probably exists due to the different materials used in calculations, regarding 
the production phase of furnaces and ovens. 

For the base cases 6 and 7 (large size furnaces & ovens), there is approximately 5165 PJ/year, 
or ~ 1435 TWh/year (of a total of ~ 1650TWh/year, or 5935.07 PJ/year). The GWP impact of these 
two base cases is almost 287 million tonnes CO» equivalent per year. Pursuant to the Lot 4 study, 
the major environmental impact of these large-sized furnaces/ovens, is the energy consumption in 
the use phase, highlighting the specific products as the major energy consumer in the sector. 

In conclusion, the energy consumption of the industrial furnaces and ovens sector in the 
European Union, corresponds to approximately 5935 PJ/year or 1650 TWh/year. However, this 
value includes energy consumed during the use phase but also the production and dispose phase of 
the products. The respective amount of the Global Warming Potential, is 321 million tonnes CO» 
equivalent per year. 

At this point it should be mentioned that the connection between energy consumption and 
greenhouse gases emissions is not always obvious. For example, CO» emissions from coal 
combustion are greater than oil or gas combustion. Many furnaces use coal (i.e. cement production), 
others use gas and others electricity (for heating). Furnaces using gas, can be much more efficient 
than the ones using electricity — which is usually generated from fossil fuel sources. 

In more detail, electricity generation efficiency, generally fluctuates between 30 to 40% either 
for coal or gas power generation. There are also transmission losses (296) and the electric heating's 
so called “primary energy factor" (1kWh, generation corresponds to -2.5kWhy). On the other hand, 
(direct) fossil fuel-fired furnaces, seem to be less efficient, as long as the vented hot combustion 
gases are interpreted to heat loss. Nevertheless, heat losses are common in both cases, they just 
occur in different phases (generation for electricity, use phase for fossil fuels). [9] 
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Table 1: Major environmental Impacts of the product group [9] 


Annual Energy Consumption and GHG Emissions by furnaces/ovens in the EU 


Base Cases BC2a| BC 2b | BC3a| BC3b | BC4a | BC4b| BC5a | BC5b| BC6 BC7 | Total 


Total Energy 
(J) 


347 48.67 | 39.17 5.49 | 252.91 | 35.37 | 28.30 3.97 | 4952.74| 212.45 | 5926 


Electricity 


Consumption 347 0.01 39.03 0 251.35 | 0.04 28.25 0 8.87 0.43 675 


(PJ) 


GHG in 
GWP100 


(million 15 2.69 1.72 0.3 11.11 1.96 1.24 0.22 | 274.79 | 11.81 321 


tonnes of CO, 
eq.) 


ENERGY CONSUMPTION AND GHG EMISSIONS ACCORDING TO ECO - 
SCENARIOS 


The scenarios regarding eco-design measures implementation, met in the Lot 4 study are: 

the No action scenario (referred also as BaU - Business as Usual) 

the Policy recommendation scenario: implementation of minimum Energy Performance 
Standards in three Tiers (2014, 2018 and 2024) 

the LLCC (Least Life Cycle Cost scenario): implemented from 2014 

the BAT (Best Available Technologies scenario): implemented from 2014, expressing the 
maximum energy saving potential achievable 

The 2014 European Commission’s Working Document concludes in two major policy options 


for further investigation through Impact Assessment studies: 


L. 


2. 


Draft proposals for Ecodesign Implementing Measures relevant for Lot 4 furnaces and ovens, 
subdivided according to Base Case and 

Regulating Lot 4 furnaces and ovens through the Industrial Emissions Directive (IED) sectoral 
BAT conclusions (higher chance of being more effective, through sectoral customisation) or the 
Horizontal Energy Efficiency BAT conclusions, via the same "ecodesign-style" provisions. This 
option would enhance IED by providing clearer energy consumption targets, but should not 
conflict with ETS and its "benchmarking" system. 

The 2™ Policy Option concerns the same issues as the 1*, but to be applied through the already 


existing legislation of the IED sectoral Best Available Technologies conclusions. [10-13] The 
proposed eco-design measures according to the EC's Working Document, are synoptically 
presented in Table 2. 


The heat recovery option regards direct gas-fired base cases, the improved insulation option 


regards electricity and direct gas-fired base cases and the Optimized control of fuel/air ratio “A” 
option regards indirect gas-fired base cases. Any specific limitations, exceptions and detailed 
implementation standards, are beyond the purposes of this paper, so they are intentionally ignored. 


In 2014 Working Document's Annex E, the scenarios under investigation in terms of (the 


ongoing) Impact Assessment appraisal, were altered (compared to Lot 4) to the following: 


No action scenario 
Policy Options related scenarios (Table 3): 
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Table 2: Proposed Ecodesing measures according to European Commission's Working Document [10] 


Heat Recovery 
Minimum amount of heat recovery per specific time period 
Size Temperature for flue gas containing 396 oxygen 
of the of the 
process process 2016 and onwards 2019 and onwards 2025 and onwards 
% recovered & reused | % recovered & reused | % recovered & reused 
>25% >35% 
Medium <1 000°C - 
(flue gas<500°C) (Flue gas<350°C) 
>35% 
at > 0 
Large <1 000°C flue gas<600°C ewe 
(flue gas 500°C) (flue gas <350°C) 
>30% 
> -400 
Medium >1 000°C - 240% 
< [e] 
(Hue pas «550 0) (flue gas <400°C) 
i. >40% mo 
A A minimum of 40% 
Lage EU I heat recovery (flue gas <300°C) 
(flue gas <500°C) 5 
Insulation (heat losses) 
Base Case 2 3 4 5 6 6 7 
(>1000°C (450°C to (<450°C o.t.) 
0.t.*) 1000°C o.t.) 
Mandatory 
Requirements 
(W/m? away < 300 < 300 < 500 < 400 < 500 < 400 < 200 
from “hot- 
spots”) 
*o.t. : operating temperature 
Maximum À value 
Time Period 2016 and onwards 2019 and onwards 
NG 1.25 1.15 
LPG 1.25 1.15 
Fuel Oil Not Yet Determined Not Yet Determined 
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Table 3: The 2 main policy eco-design options according to the EC's 2014 Working Document Annex E [14] 


Policy Option 1 Policy Option 2 
Eóudeésigi Measures BAT applied through the already existing 
(only for sales of new products) legislation (IED, etc.) - implemented on 
existing stock and new sales 
3 scenarios 3 scenarios 
Mandatory Least Life 
Ecodesign Cycle Cost 
Requirements (LLCC) BAT Optimistic Realistic Pessimistic 
(MER) scenario — only 
scenario for reference 
3 Tiers — 
200020. inse E starts in 2016 | starts in 2018 | starts in 2022 
2026) 


It should be mentioned that, generally, in terms of energy consumption (and GHG emissions where 
data are available), the BAT and LLCC scenarios overlap, both in Lot 4 study and the Working 
Document draft predictions (ANNEX E). [9,14] 

Pursuant to the ENTR Lot 4 study, in the case of the *No action' scenario, the product group 
would require approximately 1648 TWh of primary energy, on 2035. Correspondingly, the 25 year 
period under investigation (2011 to 2035), a total of 41188 TWh primary energy would be 
consumed, with a relevant impact of 8025 million tonnes of CO» equivalent. Of these, Base case 6 
(large fossil fuel furnaces), are responsible for the 8696 of the total emissions and for the 8396 of the 
total energy consumption. 

On the other hand, the minimum proposed energy performance measures as defined in the same 
study, would result to 1482 TWh of primary energy required on 2035, while a total of 39664 TWh 
over the whole 25-year period would be consumed. The corresponding amount of GHG emissions 
would be 7725 million tonnes of CO» equivalent for the same period. Of these, Base case 6 (large 
fossil fuel furnaces), are responsible for the 8596 of the total GHG emissions and for the 8346 of the 
total energy consumption. 

Finally, the BAT scenario, as expected, would lead to the less environmental impacts: 1436 
TWh of primary energy would be required on 2035 and a total primary energy consumption of 
38835 TWh over the 2011 to 2035 period. The greenhouse gases total emissions will be 7561 
million tonnes of CO; equivalent. Of these, Base case 6 (large fossil fuel furnaces), are responsible 
for the 85% of the total emissions and for the 83% of the total energy consumption. [9] 

As regards the initial and indicative - draft Lot 4 impact assessment's predictions concerning 
energy savings, they confirm the positive effect of potential eco-design measures in energy 
consumption reduction. More specifically, the MER scenario is expected to provide 10% energy 
savings on 2035 compared to the No Action Scenario for all base cases and the respective 
LLCC/BAT hypothetical scenario ~12.9% energy savings for all base cases (Policy 1, including 
base case 1 — approximately same energy consumption values on 2035 with Lot 4 study). The BAT 
under the IED, is expected to provide 19.2% energy savings on 2035 for every of its time-related 
versions (~1332 TWh final energy consumption on 2035), compared to the No Action scenario 
(Policy 2). 90 TWh/year of energy savings (of all base cases) seems achievable if the Best 
Available Technologies are implemented. No greenhouse gases emissions forecast was included in 
these early Impact Assessment indicative results. [10,14] 
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It should also be noted, that the Working Document's Annex E draft results, refer to final 
energy consumption/savings for fossil-fueled furnaces and ovens, while for primary energy 
consumption/savings for electricity-powered products (the conversion assumption that 2.5 Primary 
Energy 2 Final Energy use is made: so, 1 electricity kWh (KWh.) corresponds to 2.5 kWh (K Whe) 
of coal, NG, etc. required, with an electricity generation conversion efficiency of 40%). [10,14] 


4. CONCLUSIONS 


The environmental legislation process and the corresponding technical studies regarding Ecodesign 
in industrial furnaces/ovens (and inevitably, the included to the product group definition equipment 
— such as burners), have a long way to go. The Impact Assessment's final results, including 
enriched data and analysis are eagerly expected. Nevertheless, the accomplished studies so far, 
indicate high potential for significant energy savings and greenhouse gases emissions mitigation. 
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Abstract 


Elemental sulfur (S°) at a rate of 2% (w/w) has been attached successfully onto the surface of the 
beads of various commercial fertilizers (F) via a binder (B) by Sulfur Hellas S.A., thus creating a 
family of such products under the commercial name “Sulfogrow®” (FBS°). The application of 
fertilizers of the FBS? type to commercial crops of durum wheat and maize cultivated in calcareous 
soils so far have shown a significant enhancement of dry mass accumulation per plant and increased 
accumulations of nutrients in the aerial part, including the immobile ones in the soil. So is a well- 
known soil conditioner that needs the action of microorganisms for conversion into sulfates, i.e. the 
suitable form for S uptake by the plants. Moreover, our data revealed a prolonged enhancement of 
plant growth, a fact that is not justified by the amount of S° incorporated in the soil with the 
application rate of FBS°. According to the European Biostimulants Industry Commission 
"biostimulants operate through different mechanisms than fertilizers, regardless of the presence of 
nutrients in the products", therefore products with some nutrients can be included, provided that the 
effect on plant growth is not through direct fertilization. *Sulfogrow^" seems to fall into this 
category. In this contribution, we explore the sulfatase producing microbial population dynamics in 
the rhizosphere of a commercial wheat crop grown on a calcareous soil fertilized with FBS° vs the 
corresponding commercial fertilizer F, in an attempt to assess the potential of FBS* as biostimulant 
and to support a working hypothesis toward explaining its efficacy. 


Keywords: elemental sulfur; plant biostimulants; coated fertilizers; wheat; sulfatases 


1. INTRODUCTION 


Elemental sulfur (S°) is a well-known soil conditioner that needs the action of microorganisms for 
conversion into sulfates, i.e. the suitable form for S uptake by the plants. S? oxidation is a biological 
process and as such is strongly influenced by factors that directly affect microbial activity. 
However, its oxidation to plant available sulfate is rather unpredictable, and therefore, the use of S? 
towards alleviation of widespread S deficiencies in agricultural soils is mostly limited [1]. 
Oxidation is favoured by the fine particle size, whereas abundant populations of heterotrophic 
bacteria and fungi are capable of oxidizing S*. 

S° as powder has been succesfully attached onto the surface of the beads of various commercial 
fertilizers (F), via a binder (B), by Sulfur Hellas S.A. at a rate of 296 (w/w), under the commercial 
name *Sulfogrow^" (FBS?). So far, such S°-containing fertilizers have been applied to commercial 
crops of maize and durum wheat cultivated in calcareous soils, revealing (1) a significant 
enhancement of dry mass accumulation per plant, (2) increased accumulations of nutrients in the 
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aerial part, including the immobile ones in the soil, and (3) a prolonged enhancement of plant 
growth [2]. The last effect, especially, is not justified by the amount of S? incorporated in the soil 
with the application rate of FBS?, i.e. 2% S? w/w. This fact raises the question whether the 
incorporated minor amount of S? in the *Sulfogrow^" product also acts directly or indirectly as a 
plant biostimulant, raising a challenge as well; it is clear that microorganisms are involved in the 
oxidation process, but, so far, the process and its product has been highlighted, while it looks like it 
can be more than that. For example, some of these microbial populations could act as plant growth 
promoting microorganisms [3,4,5]. 

Plant biostimulants (PBs) include a variety of substances and microorganisms that enhance 
plant growth, therefore the concept and the definition of PBs is still evolving.The European 
Biostimulants Industry Council has defined PBs as follows: “PBs contain substance(s) and/or 
microorganisms whose function when applied to plants or the rhizosphere is to stimulate natural 
processes to enhance/benefit nutrient uptake, nutrient efficiency, tolerance to abiotic stress, and 
crop quality. Biostimulants have no direct action against pests, and therefore do not fall within the 
regulatory framework of pestisides". According to the European Biostimulants Industry 
Commission “biostimulants operate through different mechanisms than fertilisers, regardless of the 
presence of nutrients in the products”. Therefore products with some nutrients can be included, 
provided that the effect on plant growth is not through direct fertilization. Sulfogrow® seems to fall 
into this category [6,7]. 

In this contribution, we focus on the sulfatase producing microbial population dynamics in the 
rhizosphere of a commercial wheat crop grown on a calcareous soil fertilized with FBS? vs the 
corresponding commercial fertilizer F, in an attempt to assess the potential of FBS? as biostimulant 
and to support a working hypothesis toward explaining its efficacy. Arylsulfatase (ARS; arylsulfate 
sulfohydrolase; EC 3.1.6.1) belongs to the sulfatase family that hydrolyzes sulfate esters to sulfates, 
thus being the key enzyme of soil organic-S mineralization [8]. ARS has been isolated and widely 
studied from many microorganisms [9,10,11]. Soil sulfatases are principally microbial in origin. 
Sulfate esters are the most prevalent form of S in agricultural soils [12]. This labile organic pool has 
been found to be quickly available to plants after soil microbial transformations [13]; however, S 
deficiencies have been noted in some agricultural soils at the beginning of the growing season, due 
to either leaching of sulfates during the winter [14] or limited S mineralization in the soil. 

Based on the above, the dynamics of population density, structure, and diversity of functional 
soil bacterial communities implicated in the mineralization of sulfate ester compounds in field- 
grown wheat following application of FBS° fertilizer was monitored. The arylsulfatase-producing 
bacterial community (ARS-BC) was followed in the rhizospheric soil of field-grown wheat treated 
with FBS° in comparison with rhizospheric soil of field-grown wheat that received the 
corresponding conventional fertilization (F). Samples were collected during the vegetative growth 
and the density, structure, and diversity of ARS-BC were investigated by applying a culture- 
dependent approach utilizing a M9 minimal medium in combination with the blue color production 
method using X-sulf, a chromogenic substrate that reports on bacteria mineralizing this sulfate ester 
with the appearance of a blue color [15]. The NA rich medium (Peptone 0.5%, Nutrient Broth 0.3%, 
Agar 1,596) was also used for comparison. The total numbers of colonies (both blue and white ones) 
grown on NA rich medium against the M9 mininal X-sulf enriched medium were determined. Then, 
the percentage of blue colonies was calculated. 


2. MATERIALS AND METHODS 


A durum wheat (Triticum durum, cv SIMETO) commercial crop was established in Arma location 
at Viotia county, Greece, in an area of 1.7 ha with calcareous soil. Sowing day and initial fertilizer 
application took place in November 24, 2015 (d0). The field was divided into two parts; one of 
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them was subject of control F-treatment, according to the local agricultural practices (control crop), 
whilst the other one received the corresponding FBS^-treatment (FBS°-treated crop). At dO, the 
control crop was fertilized with a commercial 16-20-0 fertilizer at a rate of 275 kg ha’'. At the same 
day, the FBS’-treated crop received the equivalent fertilization with the corresponding “Sulfogrow” 
16-20-0 commercial fertilizer at the same rate, carrying 2% S? (i.e. 280.5 kg ha”). At d100 and 
d109 after sowing, additional fertilization with commercial 40-0-0 fertilizer (in control crop) or its 
“Sulfogrow” 40-0-0 version (in FBS°-treated crop) took place at the rate of 360 and 367.2 kg ha” in 
total, respectively. At d122 after sowing, herbicide application took place at the rate of 50 ml acre 
(PACIFICA). Both crops received no irrigation. Each crop was divided into five plots and sampling 
took place separately in each one of them. A number of plants were collected with their root system 
and the surrounding soil by means of a shovel. 


85 4 85 4 
NA A | M9Xsulf B 
80 4 80 4 
«d F 
bo 
2 
2 74 75 | 
[s] t 
E 
So 70 7,0 
65 1 | 65 + l | 
6,0 E r " + n 4 - " L - " 4 + à 4 1 6,0 E: "1 4 + "1 4 + " " - + 4 * 4 + 1 
0 30 60 90 120 150 0 30 60 90 120 150 


days from sowing 


Figure 1. Time course of log CFU g! values in rhizospheric soil collected from durum wheat crop 
that received either conventional fertilization (control crop, C; empty symbol) or fertilization with 
the corresponding “Sulfogrow” fertilizer (FBS°-treated crop; full symbol). Symbols (e) and (a) 
indicate the use of nutrient agar medium (NA) or M9 minimal medium containing X-sulf 
respectively. Arrows indicate the timing of the additional fertilization. 


Rhizosphere soil (5 g) was placed on an orbital shaker at 120 rpm for 30 min in 50 ml of 
phosphate buffer PBS at pH 7.2. The diluted suspensions were spread on the modified M9 mineral 
minimal medium containing the ARS chromogenic substrate, 5-bromo-4-chloro-3-indolyl sulfate 
(X-Sulf, Sigma), as sole sulfur source (X-sulf, Sigma, France). The blue colonies (expressing ARS 
activity) were counted after four days of incubation at 28°C and expressed as log CFU g” dry soil. 
Blue colonies were randomly picked from plates corresponding to the 10? dilution. Isolates were 
sub-cultivated three times on M9 minimal medium containing X-sulf for purification. Purified 
bacterial strains were stored frozen at -80°C in the presence of 12.5% glycerol. 


3. RESULTS AND DISCUSSION 


The time-course of colony forming units (log CFU g” values) in NA (Figure 1A), were 
progressively reduced in the control crop during the first three months, while the additional 
fertilization resulted in an increase back to the initial level (7.00). The corresponding time-course of 
FBS’-treated crop increased significantly above the initial level at d61 and it returned to it 30 days 
later. Interestingly, the additional fertilization caused the same response pattern as in control, i.e. a 
significant increase nearly to the level of d61. 
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Time-course of log CFU g” values in M9 minimal medium enriched with X-sulf (Figure 1B) were 
at the level of 6.9 for the first two months regardless of the treatment; thereafter the level 
significantly increased in both treatments. FBS°-treated crop presented significantly higher values 
than that of control. After the additional fertilization both treatments presented a decline, with the 
FBS°-treated crop keeping on providing significantly higher value. 

The mean values of ARS-BC density on M9 minimal medium plates containing X-sulf (at 10° 
dilution), visualized by the blue colour resulting from the cleavage of the chromogenic substrate 
(Figure 2), were significantly greater in the FBS -treated wheat rhizospheric soil, as the percentage 
of the blue colonies was significantly higher in the FBS’-treated wheat rhizospheric soil at each 
sampling. 
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Figure 2. White and blue colonies developed on M9 minimal medium plates containing X-sulf (10° 
dilution). The blue ones were expressing ARS activity, which fluctuated with time. 


At d61 in the rhizospheric soil of the FBS°-treated crop, the blue colonies were 40% of the total 
ones, while at d91 it redused to 20% as opposed to 5% of the control crop. The additional 
fertilization increased the appearance of the blue colonies in both treatments, with a higher response 
of the FBS” treatment (Figure 3). 
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Figure 3. Time course of the percentage of blue colonies on the plates of Figure 2. Full symbol: 
blue colonies from the rhizospheric soil samples collected from the FBS°-treated crop, i.e. the crop 
fertilized with the “Sulfogrow” fertilizer FBS°. Empty symbol: the corresponding blue colonies 
from the rhizospheric soil samples of the control crop. 
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Among the ARS-BC, more than four different taxa identified by means of classical 
microbiological methods. Among them, Actinobacteria and Pseudomonas were significantly 
present in the examined wheat rhizosphere soil. Fungal communities the rhizosphere soils of field- 
grown wheat treated with FBS? in comparison with control field were also determined. All of the 
fungal isolates that displayed ARS activity were found to belong to Ascomycotina, a phylum 
preponderant in soils and especially in the rhizosphere. 

Different bacterial strains have been characterized for their capacity to hydrolyze sulfate esters 
via the ARS activity [17]. S cycling is driven by the quantity and quality of the available carbon 
rather than total organic C [16], while the majority of the bacterial ARS activities are repressed in 
medium containing sulfates as a S source, but are expressed in media containing only organic S 
forms [18,19]. These results imply that the ARS activity is involved in scavenging organic S from 
the environment. 


4. CONCLUSIONS 


The 2% (w/w) of S° encorporated into the used commercial fertilizer promoted the activity of the 
sulfatase producing microbial populations in the rhizosphere of the studied commercial wheat crop 
grown on calcareous soil. Therefore, the amount of S? provided with the fertilizer significantly 
enhanced the mobilization of the labile pool of sulfate esters in the organic matter of the soil. This 
trait constitutes a part of the mode of action of “Sulfogrow” and suggests that this type of fertilizer 
can also function as a plant biostimulant. 


References 


[1] Germida, J.J., Jansen, H.H., 1993. Factors affecting the oxidation of elemental sulfur in soils. Fertilizer Research, 
35, 101-114. 

[2] Chorianopoulou, S.N., Saridis, G.I., Sigalas, P., Margetis, M., Benardos, D., Mavrogiannis, H., Bouranis, D.L., 
2015. Enhancing plant nutrition via S°-based rhizosphere engineering: The application of a new generation of S°- 
coated fertilizer to durum wheat crop. 10^ Jubilee Plant Sulfur Workshop: Fundamental, Environmental and 
Agricultural Aspects, Goslar, Germany, 42. 

[3] Gahan, J., Schmalenberger, A., 2014. The role of bacteria and mycorrhza in plant sulfur supply. Frontiers in Plant 
Science, 5, 723. 

[4] Kertesz, M.A., Mirleau, P., 2004. The role of microbes in plant sulfur supply. Journal of Experimental Botany, 55, 
1939-1945. 

[5] Kertesz, M.A., Fellows, E., Schmalenberger, A., 2007. Rhizobacteria and plant sulfur supply. Advances in Applied 
Microbiology, 62, 235-268. 

[6] Calvo, P., Nelson, L., Kloepper, J.W., 2014. Agricultural uses of plant biostimulants. Plant and Soil, 383, 3-41. 

[7] du Jardin, P., 2014. Plant biostimulants: Definition, concept, main categories and regulation. Scientia 
Horticulturae, 196, 3-14. 

[8] Tabatabai, M.A., Bremner, J.M., 1970. Arylsulphatase activity in soils. Factors affecting arylsulfatase activity. Soil 
Society America Proceedings, 34, 225—229. 

[9] Beil, S., Kehrli, H., James, P., Staudenmann, W., Cook, A.M., Leisinger, T., Kertesz, M.A., 1995. Purification and 
characterization of the arylsulfatase synthesized by Pseudomonas aeruginosa PAO1 during growth in sulphate free 
medium and cloning of the arylsulfatase gene (atsA). European Journal of Biochemistry, 229, 385—394. 

[10] Parenti, G., Meroni, G., Ballabio, A., 1997. The sulfatase gene family. Current Opinion in Genetics & 
Development, 7, 386-391. 

[11] Goodwin, P.H., Li, J., Jin, S., 2000. Evidence for sulfate derepression of an arylsulfatase gene of Colletotrichum 
gloeosporioides f. sp. malvae during infection of round-leaved mallow, Malva pusilla. Physiology and Molecular 
Plant Pathology, 57, 169—176. 

[12] Bettany, J.R., Stewart, J. W.B., 1982. Dynamics of soil organic phosphorus and sulfur. 12" International Congress 
of Soil Science, New Delhi, India, 14. 

[13] McLaren, R.G., Kerr, J.I., Swift, R.S., 1985. Sulphur transformations in soils using sulphur-35 labelling. Soil 
Biochemistry, 17, 73—79. 


13" International Conference on Protection and Restoration of the Environment 737 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


[14] Suhardi, B.,1992. Importance du soufre organique du sol dans la nutrition soufre’e duble’ (Triticum aestivum L.). 
Thése de Doctorat, INPL, Nancy, France, 147. 

[15] Wyss, C., 1989. Campylobacter-Wolinella group organisms are the only oral bacteria that form arylsulfatase- 
active colonies on a synthetic indicator medium. Infection and Immunity, 57, 1380-1383. 

[16] DeLuca, T.H., Keeney, D.R., 1994. Soluble carbon and nitrogen pools of prairie and cultivated soils: seasonal 
variation. Soil Science Society of America Journal, 58, 835—840. 

[17] Kertesz, M.A., 1999. Riding the sulfur cycle metabolism of sulfonates and sulfates esters in Gram-negative 
bacteria. FEMS Microbiology Reviews, 24, 135-175. 

[18] Dodgson, K.S., White, G.F., Fitzgerald, J.W., 1982. Sulfatases of Microbial Origin. CRC Press, Boca Raton, FL. 

[19] Kertesz, M.A., Leisinger, T., Cook, A.M., 1993. Protein induced by sulfate limitation in Escherichia coli, 
Pseudomonas putida and Staphylococcus aureus. The Journal of Bacteriology, 175, 1187—1190. 


738 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Green biotransformations catalyzed by enzyme-inorganic 
hybrid nanoflowers in environmentally friendly ionic solvents 


A. Papadopoulou’, A. Tzani’, A. C. Polydera’, P. Katapodis!, A. Detsi’, 
E. Voutsas?, H. Stamatis’ 


! Department of Biological Applications & Technologies, Laboratory of Biotechnology, 
University of Ioannina, University Campus, 45110, Ioannina, Greece. 
? School of Chemical Engineering, National Technical University of Athens, Heroon Polytechniou 9, 
Zografou Campus, 15780, Athens, Greece. 
*Corresponding author: Email: hstamati @uoi.gr 


Abstract 


Third generation ionic liquids and deep-eutectic-solvents formed by a mixture of non-toxic, 
biodegradable and inexpensive compounds represent a promising alternative option to organic 
solvents in various processes. In the present study, we have investigated the ability of lipase- 
nanoflowers to catalyze hydrolytic and synthetic reactions in environmentally friendly ionic liquids 
based on various hydroxyl ammonium cations and formic acid anion, as well as in choline chloride 
and ethyl ammonium chloride based deep eutectic solvents (DES). The hydrolytic and synthetic 
activity of the immobilized enzyme, as well as its stability and reusability, strongly depend on the 
nature of the ionic solvents used. In choline chloride-based DES, the activity and especially the 
stability of the biocatalyst are significantly increased compared to those observed in buffer, 
indicating the potential application of these novel solvents as green media for biocatalyzed 
processes of industrial interest. 


Keywords: biocatalysis; green solvents; ionic liquids; deep eutectic solvents; 


1. INTRODUCTION 


The serious environmental impact of processes derived from chemical and pharmaceutical 
industries have raised the necessity for sustainable processes and environmentally friendly reaction 
systems. The field of biocatalysis is considered as a green technology that offers many benefits in 
this respect [1]. Enzymatic reactions, unlike conventional chemical synthesis, could be developed in 
one synthetic step in mild conditions with high selectivity towards the desired product, minimizing 
therefore the energy consumption and waste production [2]. 

On the other hand. ionic liquids (ILs) and deep eutectic solvents (DES), based on their unique 
properties, have emerged as a green alternative to organic solvents in biocatalysis and 
biotransformations [3]. ILs are mixtures of anions and cations that remain liquid at room 
temperature, while DES are natural mixtures of salts (e.g. choline chloride) and uncharged 
hydrogen-bond donors (HBD) (such as urea, carboxylic acids, or polyols). These mediaom have 
negligible vapour pressure, high chemical and thermal stability and the ability to dissolve various 
compounds. The recently developed third generation ILs comprise of biodegradable and readily 
available components of low toxicity such as natural bases and acids, amino acids and sugars. 
Together with DES, which can be easily synthesized from cheap and biodegradable compounds, 
both of these media represent promising solvents for enzyme-catalyzed reactions [4]. 

However, the use of enzymes in such solvents could have a negative effect on their activity and 
stability since they could interact with the water molecules around the protein surface or with the 
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protein itself, reducing the activity or even inactivating the enzyme [5]. Different methods have 
been developed in order to eliminate these negative effects including the immobilization of 
enzymes in solid supports. Moreover, immobilized enzymes could be easily recovered and reused 
facilitating the biocatalytic prosess [6]. 

Over the last decades, enzyme immobilization on nanostructured materials have attracted the 
scientific interest due to its possible applications in the field of industrial biocatalysis [7]. Recently, 
Zare and his co-workers have developed a new method for creating hybrid organic-inorganic 
nanomaterial consisting of copper ions and various enzymes. The coordination between nitrogen 
atoms of the amide groups in enzymes and copper ions leads to a flower-like hybrid nanomaterial. 

These protein-inorganic nanostructures result in an enhanced activity and stability of enzymes 
due to their large surface-to-volume ration and the cooperative interaction of the entrapped enzyme 
molecules [8]. 

In the present study, we have reported the preparation of enzyme-inorganic hybrid nanoflowers 
using copper (II) ions as the inorganic component and lipase B from Candida anrarctica as the 
organic component. Lipases are hydrolases that are promising enzymes for industrial applications 
[9]. In addition to their natural function of hydrolyzing ester bonds, these enzymes can catalyze 
esterification, transesterification and interesterification reactions in nonaqueous media [10]. The 
biocatalytic performance of lipase-nanoflowers for the hydrolysis of esters, as well as for the 
synthesis of lipophilic derivatives of natural phenolic antioxidants, has been determined in various 
third generation ionic solvents such as ionic liquids based on various hydroxyl ammonium cations 
and formic acid anion, as well as in choline chloride and ethyl ammonium chloride based deep 
eutectic solvents. Moreover, the stability and the reusability of lipase-nanoflowers in these 
environmentally friendly solvents has been investigated. 


2. MATERIALS AND METHODS 


Candida antarctica lipase B (CaLB) was obtained from Novozymes A/S (Denmark) and was used 
without further purification. Ethyl ferulate, 4-nitrophenyl butyrate, copper (II) sulfate pentahydrate 
and l-octanol were purchased from Sigma. Choline chloride (ChCl), ethylammonium chloride 
(EAC), urea (U), glycerol (Gly), and ethylene glycol (EG) were of analytical grade and were 
obtained from Sigma-Aldrich, Merck or Applichem. The components of ILs (amines: 2- 
(methylamino) ethanol, 2-(dimethylamino)-ethanol, diethanolamine, ethanolamine and acids: 
formic acid, hexanoic acid, cyclopentanecarboxylic acid) were of the highest purity available 
(>99%) and were used without further purification. 


2.1 DES and ILs synthesis 

All ILs were prepared by neutralization of a carboxylic acid (formic acid, hexanoic acid and 
cyclopentanecarboxylic acid) with different amines (2-(methylamino)-ethanol, 2-(dimethylamino)- 
ethanol, diethanolamine and ethanolamine) as described elsewhere [11]. The reaction yields of all 
ILs synthesized were more than 97 % determined by 'H-NMR and "C-NMR. DES were 
synthesized according to our previous study [12]. 


2.2 Preparation of CaLB-nanoflowers 

CaLB nanoflowers were prepared according to previous study [8]. In brief, 1.4 mL of aqueous 
solution of CuSO, (120 mM) was added to 200 mL of phosphate buffer saline (PBS) (pH 7.4) 
containing 0.1 mg/mL CaLB. The mixture was incubated for three days at 25 *C. The nanoflower 
precipitates were collected after centrifugation, washed three times with water and dried under 
vacuum at room temperature. The concentration of protein in the supernatant after the 
immobilization was calculated using the Bradford assay and the immobilization yield of the protein 
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was nearly 90 %. The size and the morphology of CaLB-nanoflowers were observed by a JSM 6510 
LV (JOEL, Tokyo, Japan) electron microscope with an acceleration voltage of 20 kV. 


2.3 CaLB-nanoflowers catalyzed synthesis of esters 

In a typical transesterification reaction ethyl ferulate (20 mM), 1-octanol (120 mM) and 120 U mL! 
of CaLB-nanoflowers were added in various ILs or DES, previously dehydrated with 4 À molecular 
sieves. In all cases, reaction mixtures were incubated at 700 rpm at 60 °C. 1 Unit of CalB 
corresponds to the amount of the enzyme that causes an increase in absorbance at 405 nm of 0.01 
per minute at pH 7.5 at 25 °C in a reaction mixture containing 50 mM p-nitrophenyl butyrate. All 
experiments were performed in duplicate. Control experiments without enzyme were also carried 
out. The reaction was terminated by filtering off the biocatalyst, and the reaction mixture was 
diluted with methanol. The substrates and products of the biocatalytic reactions were quantified by 
HPLC analysis using a uBondapack C18 column, particle size 10 um, length 300 mm, diameter 3.9 
mm and a diode array UV detector. Gradient elution from 40% to 100% acetonitrile in water 
(containing 0.1% acetic acid) was employed for 30 min. The elution was performed at 35 °C at a 
flow rate of 1 mL/min. Total conversion yield was determined by the decrease in the amount of 
ethyl ferulate and expressed as the mean of three independent experiments. 


2.4 CaLB -nanoflowers catalyzed hydrolysis of esters 

CaLB-nanoflowers hydrolysis in various DES (containing 10 % v/v of 0.1 M Tris-HCI buffer pH 
7.5) was started by adding 4-nitrophenyl butyrate (50mM, pNPB) in the reaction mixture containing 
44 U mL of the immobilized enzyme. 4-nitrophenol release was monitored at 405 nm at 2 minutes 
intervals for up to 20 minutes. 


2.5. Stability studies of CalB-nanoflowers 

Stability studies of CalB-nanoflowers in various DES were performed by incubating an amount of 
enzyme for different time intervals at 40 °C. Remaining lipase activity was determined by the 
enzymatic hydrolysis of pNPB as described above. The half-life times (t 1⁄2) were calculated from 
the one-step deactivation kinetics [13]. 


2.6. Reusability of CalB-nanoflowers 

The reuse of the CalB-nanoflowers was studied by the determination of the residual enzyme activity 
in seven reaction cycles of ethyl ferulate transesterification with 1-octanol as described above. Each 
reaction was carried out for 24h at 60 °C. After each run, the immobilized enzyme was removed 
from the reaction mixture, washed thoroughly with ethyl acetate and then fresh substrate solution 
was added for the next reaction cycle. 


3. RESULTS AND DISCUSSION 


3.1 Preparation and characterization of CalB-nanoflowers 
The incubation of CuSO, with a phosphate buffer saline containing CalB at room temperature for 
three days led to the creation of uniform flower-like spheres with an average of 20 um diameter as 
depicted in a low resolution SEM image (Figure 1a). The high resolution SEM image showed that 
the morphology of the spheres was similar to the shape of a dahlia flower, assembled from hundreds 
of nanoplates (Figure 1b). It must be noted that, in the absence of the protein, no formation of 
nanoflowers was observed. 

It has been proposed that nanoflower assembly follows a progressive process that begins with 
the formation of primary copper phosphate crystals. At this stage, aggregates are formed between 
protein molecules and Cu*^ mainly through coordination of amide groups in the protein backbone. 
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These aggregates provide a location for nucleation of the primary crystals. The flower-like 
nanocrystals are gradually created from these nucleation sites, induced by the protein molecules 
which also serve as a “glue” to bind the petals together [8]. 


SEI 20kV WDi7mm 5535 x700 20um 


Figure 1. Scanning electron microscopy (SEM) images of CalB — copper phosphate 
nanoflowers at a) low and b) high resolution 


3.2 Biocatalytic activity of CalB —nanoflowers in ionic solvents 

In the present study, the effect of six DES (ChCl:U, ChCl:Gly, ChCl:EG, EAC:U, EAC:Gly, 
EAC:EG) and ten hydroxyl ammonium third generation ILs (HMEAF, HDMEAF, BHEAF, HEAF, 
HMEAH, HDMEAH, HDMEAC, HMEAC, HMEAB, HDMEAB) on the activity of CaLB- 
nanoflowers has been investigated. It must be noted that, the use of DES as media for lipase 
catalyzed reactions has been reported before [14, 15]. However, the application of CaLB- 
nanoflowers in such solvents has been reported for the first time. The enzymatic transesterification 
of ethyl ferulate with 1-octanol at 60°C was chosen as a model reaction. As it can be seen in Table 
1, CaLB-nanoflowers could catalyze the transesterification of ethyl ferulate with 1- octanol, while 
this ability is greatly influenced by the nature of the ionic solvent used. In the case of DES, the use 
of EAC-based DES as reaction media, led to higher conversion yields compared to ChCl-based 
DES indicating that the nature of the salt used affects the activity of the enzyme. 

The increased catalytic activity of CalB-nanoflowers observed in EAC-based DES could be 
attributed to the lower viscosity of these solvents compared to ChCl-based DES, that could decrease 
the mass transfer limitations of the substrates to the active site of the enzyme [16]. It must be noted 
that when Gly was used as HBD, a glyceryl ester formation was observed as a result of a 
transesterification reaction of Gly with the substrate, which was more obvious in the case of ChCI- 
based DES, as indicated in Table 1. When hydroxyl ammonium ILs were used as reaction media, 
low reaction yields were observed in all cases studied. This behavior could probably be attributed to 
the enzyme deactivation resulting from the high ability of these ILs to remove tightly bound water 
from the protein molecule, as previously reported for hydrophilic imidazolium ILs [17]. Moreover, 
it has been suggested that carboxylic anions of such ILs can form strong hydrogen bonds with the 
polypeptide backbone, which could result to the dissociation of the hydrogen bonds that maintain 
the structural integrity of the protein causing its whole or partial unfolding [18]. 

The use of DES as solvents for hydrolytic reactions catalysed by CaLB-nanoflowers has also 
been investigated using p-NPB as a substrate. As seen in Table 2, in some cases studied, the 
hydrolytic activity of CaLB-nanoflowers was increased, when DES were used as reaction media, 
compared to that observed in buffer. In particular, the reaction rates in EG-based DES were up to 2- 
fold higher compared to that in buffer, indicating the beneficial effect of these DES on the 
hydrolytic activity of immobilized enzyme. 


742 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Table 1. Conversion yields for the enzymatic transesterification of ethyl ferulate (20 mM) with 
1-octanol (120 mM) catalyzed by CaLB-nanoflowers (120 U mL”) in various reaction media 
at 60 °C after 72 h of incubation. 


Reaction Media 


ChCI:U 


Chemical Structure Conversion Yield (96) 


à ; ud le 24.6 + 2.4 
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cl OH 
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CE Lc 4.0 £ 0.9 
Choline Chloride ethylene glycol Hodie ee ee 
EAC:U ; 
Ethylammonium chloride urea Ny" kN RIS TESTEM 
2 
OH 
EAC:Gly cl * 
1 .0 («1)* +2. 
Ethylammonium chloride glycerol ZW HO OH 14.0 («1)* £22 
[ 
EAC:EG ze ont d A 
Ethylammonium chloride ethylene glycol 3 on OLS NE 
OH 
HMEAF ea M 
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formate | 
BHEAF n 0205 
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HEAF HP 9AL 
3 
2-hydroxyethyl ammonium formate NN oH 07 “So RUSO 
HMEAH OH 
2-hydroxy-N-methylethanaminium Hoe VON SUAE 12.4+2.7 
hexanoate 
O 
HDMEAH 
OH 
2-hydroxy-N,N-dimethylethanaminium SNC Poona 6.4+2.1 
hexanoate 
HDMEAC T 
2-hydroxy-N,N-dimethylethanaminium uo OF Cy v 6.5 t1. 
cyclopentanecarboxylate i 
HMEAC 2 
2-hydroxy-N-methylethanaminium Hc N79" Cy v? 8.1 t 1.3 
cyclopentanecarboxylate H2 
[6] 
HMEAB 
2-hydroxy-N-methylethanaminium butyrate no- AS 15.8 + 2.7 
2 
O 
HDMEAB OH 
2-hydroxy-N,N-dimethylethanaminium SAH AALE 15.8 + 3.6 
butyrate 


* Number in parentheses is the percentage conversion of the side reaction with the glycerol 
component of the deep eutectic solvent. No side reaction was detected in the other reactions. 
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Table 2. Reaction rates (mM h`’) of p-NPB hydrolysis catalyzed by CaLB-nanoflowers (44 U mL") 
in 0.1 M phosphate buffer pH 7.5 and various deep eutectic solvents (90 % v/v) at 40°C. 


Deep eutectic Solvents Reaction rate (mM h’) 
Buffer 7.8 
ChCI:U 4.0 
ChCl:Gly 5.1 
ChCI:EG 15.8 
EAC:U 8.4 
EACI:Gly 4.9 
EAC:EG 11.2 


3.3. Stability of CalB —nanoflowers in DES 


In order to further investigate the effect of DES on the biocatalytic behaviour of CaLB-nanoflowers, 
the stability of the immobilized lipase was studied in these media. After incubation of CaLB- 
nanoflowers in buffer and different DES at 40°C, the remaining activity of CaLB-nanoflowers was 
determined using p-NPB as a substrate. Based on half-life times (Table 3), CaLB-nanoflowers were 
found to be more stable in most DES studied than in buffer. 


Table 3. Estimation of half-life values (t y,) in hours of CaLB-nanoflowers 
in buffer and various DES. 


Deep eutectic solvents t a2 (h) 
Buffer 1.1 
ChCI:U 45.0 
ChCI:Gly 56.8 
ChCI:EG 3.1 
EAC:U 1.0 
EAC:GIy 3.5 
EAC:EG 0.4 


It must be noted that the half-life time of CaLB-nanoflowers increased up to 51 and 41-fold in 
ChCI:Gly and ChCI:U respectively, compared to that observed in buffer. Interestingly, the stability 
of the enzyme increased by the following order EG « U « Gly in both ChCl and EAC- based DES 
used. The high stabilizing effect of Gly as HBD for CaLB was also observed in a previous study 
[19]. These results clearly demonstrate that DES are not destructive to protein structure which 
maintain its catalytic activity after a longer term comparer to buffer. 


3.4. Reuse of CalB -nanoflowers in DES 

The efficient recyclability and reuse of DES was shown in our previous study [12]. In the present 
study we have investigated the reuse of the CaLB-nanoflowers in DES. For this purpose, the 
transesterification of ethyl ferulate with l-octanol catalysed by CaLB-nanoflowers in EAC-EG has 
been used as a model reaction, in order to investigate the reusability of the immobilized enzyme. As 
it can be seen in Figure 1, when seven reaction cycles (168 h of total operation) were completed, the 
residual activity of the immobilized enzyme was 50%. Consequently, CaLB-nanoflowers could be 
successfully reused up to seven times in EAC-EG based-DES, indicating that these solvents could 
be considered as promising environmentally friendly media for the development of biocatalytic 
processes of industrial interest. 
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Figure 1. CaLB-nanoflowers activity after seven cycles of use for the enzymatic transesterification 
of ethyl ferulate (20 mM) with 1-octanol (120 mM) in EAC:EG at 60 °C after 24 h of incubation. 


4. CONCLUSIONS 


In the present study, we have shown that enzyme-inorganic hybrid nanoflowers are able to catalyse 
esterification and hydrolytic reactions in biodegradable, non-toxic and inexpensive third generation 
ILs and DES. The catalytic activity of lipase-nanoflowers strongly depends on the nature of the 
solvent used. DES have been proved to be better solvents than ILs for esterification or hydrolytic 
reactions catalysed by lipase-nanoflowers. The use of DES as reaction media significantly enhances 
the thermal stability of the immobilized enzyme compared to that observed in buffer. Moreover, 
lipase-nanoflowers could be efficiently reused up to seven times in DES, indicating the potential 
application of these novel solvents as media for the development of environmentally friendly 
biocatalytic processes with industrial interest. 


References 

[1] Sheldon, R. A., 2011. Characteristic Features and Biotechnological Applications of Cross-Linked 
Enzyme Aggregates (CLEAs). Applied Microbiology and Biotechnology, 92, 467-77. 

[2] Wenda, S., Ilner, S., Mell, A., Kragl, U., 2011. Industrial Biotechnology—the Future of Green 
Chemistry? Green Chemistry, 13, 3007. 

[3] Lozano, P., 2010. Enzymes in Neoteric Solvents: From One-Phase to Multiphase Systems. Green 
Chemistry, 12, 555. 

[4] Dominguez de Maria, P., Maugeri, Z., 2011. Ionic Liquids in Biotransformations: From Proof-of- 
Cocept to Emerging Deep-Eutectic-Solvents. Current Opinion in Chemical Biology, 15, 220-25. 

[5] Ventura, S. P. M., Santos, L. D. F., Saraiva, J. A. Coutinho, J. A. P., 2012. Ionic Liquids 
Microemulsions: The Key to Candida antarctica Lipase B Superactivity. Green Chemistry, 14, 1620. 

[6] Sheldon, R. A., 2007. Enzyme Immobilization: The Quest for Optimum Performance. Advanced 
Synthesis and Catalysis, 349, 1289-1307. 

[7] Pavlidis, L, V, Patila, M., Bornscheuer, U. T., Gournis, D., Stamatis, H., 2014. Graphene-Based 
Nanobiocatalytic Systems: Recent Advances and Future Prospects. Trends in Biotechnology, 32, 312- 
20. 

[8] Ge, J., Lei, J., Zare, R. N., 2012. Protein-inorganic Hybrid Nanoflowers. Nature Nanotechnology, 7, 
428-32. 


13" International Conference on Protection and Restoration of the Environment 745 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


[9] Singh, A. K., Mukhopadhyay, M., 2012. Overview of Fungal Lipase: A Review. Applied Biochemistry 
and Biotechnology, 166, 486—520. 

[10] Papadopoulou, A. A., Katsoura, M. H., Chatzikonstantinou, A., Kyriakou, E., Polydera, A. C., Tzakos, 
A. G., Stamatis, H., 2013. Enzymatic Hybridization of a-Lipoic Acid with Bioactive Compounds in 
Ionic Solvents. Bioresource Technology, 136, 41—48. 

[11] Papadopoulou, A. A., Tzani, A., Alivertis, D., Katsoura, M. H., Polydera, A. C., Detsi, A., Stamatis, H., 
2016. Hydroxyl Ammonium Ionic Liquids as Media for Biocatalytic Oxidations. Green Chemistry, 18, 
1147-1158. 

[12] Papadopoulou, A.A, Efstathiadou, E., Patila, M., Polydera, A. C., Stamatis, H., 2016. Deep Eutectic 
Solvents as Media for Peroxidation Reactions Catalyzed by Heme-Dependent Biocatalysts. Industrial 
and Engineering Chemistry Research, Special Issue: International Conference on Chemical and 
Biochemical Engineering 2015. 

[13] Henley, J. P., Sadana, A., 1985. Categorization of Enzyme Deactivations Using a Series-Type 
Mechanism. Enzyme and Microbial Technology, 7, 50—60. 

[14] Gorke, J. T., Srienc, F., Kazlauskas, R. J.,. 2008. Hydrolase-Catalyzed Biotransformations in Deep 
Eutectic Solvents. Chemical Communications, 10, 1235—1237. 

[15] Huang, Z. L., Wu, B. P., Wen, Q., Yang, T. X., Yang, Z., 2014. Deep Eutectic Solvents Can Be Viable 
Enzyme Activators and Stabilizers. Journal of Chemical Technology & Biotechnology, 89 1975-1981. 

[16] Durand, E., Lecomte, J., Baréa, B., Piombo, G. Dubreucq, E., Villeneuve, P., 2012. Evaluation of Deep 
Eutectic Solvents as New Media for Candida Antarctica B Lipase Catalyzed Reactions. Process 
Biochemistry, 47, 2081—2089. 

[17] de los Ríos, A. P., Hernández-Fernández, F. J., Tomás-Alonso, F., Gómez, D., Víllora, G., 2008. 
Synthesis of Flavour Esters Using Free Candida Antarctica Lipase B in Ionic Liquids. Flavour and 
Fragrance Journal 23, 319—322. 

[18] Rantwijk, F. V., Secundo, F., Sheldon, R. A., 2006. Structure and Activity of Candida antarctica Lipase 
B in Ionic Liquids. Green Chemistry, 8, 282-286. 

[19] Kleiner, B., Schórken, U., 2015. Native Lipase Dissolved in Hydrophilic Green Solvents: A Versatile 2- 
Phase Reaction System for High Yield Ester Synthesis. European Journal of Lipid Science and 
Technology, 117, 167—177. 


746 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Environmental Law and Policy 


EB RESTORATION 
ZNSDÜ OF THE 
ENVIRONMENT 
XIII 


Approaches to determine hazard properties 
for EU waste classification 


P. Maraboutis , E. Nikolaou, N. Poulimenou 


Eco-efficiency Consulting and Engineering Ltd., Athens, Haidari, 12462, Greece. 
*Corresponding author: Email: p.maraboutis @ ecoefficiency.gr 


Abstract 


The assessment and the evaluation on the classification of waste are applied to each distinctive 
waste stream, which is generated by a waste producer. The classification of a waste is under the 
principles of the Waste Framework Directive 2008/98/EC (WFD), which was directly affected by 
the Regulation (EC) 1272/2008 on the Classification Labelling and Packaging of substances and 
mixtures (CLP), by means of hazard classes and categories. In particular, the properties that render 
waste hazardous have been updated by Commission Regulation 1357/2014 amending Annex III to 
Directive 2008/98/EC (Waste Framework Directive). Additionally, Commission Decision 
2000/532/EC (European List of Waste) has been revised by EU Decision 2014/955/EU. This paper 
wishes to shed light on the procedure and the approaches to determine EU waste classification. 


Keywords: waste classification; hazardous properties; EU legislation; LoW; Directive 2008/98/EC 


1. INTRODUCTION 


The assessment and the evaluation on the classification of waste are applied to each distinctive 
waste stream, which is generated by a waste producer. The evaluator should examine every waste 
separately when more than one waste is produced. The classification of a waste is under the 
principles of the Waste Framework Directive 2008/98/EC (WFD) [1] and it must not be confused 
with the criteria for acceptance of waste as set out by the Landfill Directive. The WFD is directly 
affected by the Regulation (EC) 1272/2008 on the Classification Labelling and Packaging of 
substances and mixtures (CLP), by means of hazard classes and categories. Furthermore, it has to be 
assessed whether certain specified waste streams are excluded from the scope of the WFD. 

Nearly all household, commercial and industrial waste needs to be classified [2]. Every waste 
stream whether it is included or not from the scope of WFD is to be classified according to the 
European List of Waste (Decision 2000/532/EC, as amended by the EU Decision (EU) 2014/955 - 
LoW) [3]. Furthermore, the criteria and the limit values for the proper classification have been 
recently revised and now they are under the scope of The Regulation (EU) No. 1357/2014 on the 
replacement of Annex III to Directive 2008/98/EC [4]. 

The hazard assessment of a waste is based on 15 hazardous properties (HP1 to HP15) which 
must be separately examined. (The hazardous properties H1 to H15, as defined in Annex III to 
Directive (EC) 2008/98, were renamed as HP1 to HP15). However the definition of the 15 hazard 
properties of waste has not been completed, since the attribution of the hazardous property HP 14 is 
made on the basis of the criteria laid down in Annex VI to Council Directive 67/548/EEC. The 
assessment of HP 14 has not been changed to allow time for Directorate General of the 
Environment of European Commission to complete a study that is examining the impacts of four 
different calculation methods. The legislation limited the first two levels of chronic ecotoxicity, but 
including extended M-factors [5]. 
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The assessment starts with the investigation and identification of hazardous ingredients, which 
may be contained in the waste and compare their content based on the limit values defined in 
Regulation 1357/2014/EU. Chemical analyses (particularly for inorganic substances) do not always 
identify the specific components but may only identify the individual anions and cations. In such 
cases, the waste holder/ evaluator may need to determine what precise substances are likely to be 
present either by further analysis or by applying knowledge of the process / activity that produced 
the waste. If there is any doubt, the worst case substance should be considered to be present [2]. 
Another way is to derive mineralogical forms of the elements from leachate composition at different 
pH and geochemical modeling [6]. If necessary, the risk assessment may require of specific tests 
per hazardous property for the waste. If testing is considered for the determination of a hazard 
property, the performance should be in accordance with the Regulation (EC) No 440/ 2008 or other 
internationally recognized test methods and guidelines, taking into account Article 7 of Regulation 
(EC) No 1272/2008, that tests on animals shall be undertaken only where no other alternatives exist. 
The aforementioned legal analysis as to waste identification and classification is a tool for 
sustainable eco management, which achieves long living restoration systems. According to the 
adopted legislation a waste producer shall not mixed hazardous waste, either with other categories 
of hazardous waste or with other waste, substances or materials. Therefore, in order to promote the 
techniques of proper restoration, every waste stream should be evaluated in order to make certain 
that the mixing of wastes as backfilling or construction material activities harm neither the 
environment nor the human. 


2. LEGISLATIVE FRAMEWORK 


2.1 Waste Framework Directive 2008/98/EC 

The Waste Framework Directive (WFD) sets the key concepts and the basic definition related to 
waste management. The directive establishes what waste is and defines the principles of waste 
management. 

According to article 3 of the WFD a hazardous waste defined as a waste which displays one or 
more of the hazardous properties listed in Annex III. The application of this Annex is completed by 
the characterization of a waste as hazardous or non-hazardous by the appropriate six-digit code 
from the List of Wastes (LoW); article 7 of the WED establishes the basic principles for the LoW. 
Both the Annex III of the WFD and Decision 2000/532/EC (List of Wastes) have been recently 
adapted to scientific progress and have been replaced by the above regulations: 

e Commission Regulation 1357/2014 replaces the Annex III to Directive 2008/98/EC. The new 

Hazardous Properties (HP) are to be applied as of 1 June 2015, 

e The EU Decision 2014/955/EU amends Decision 2000/532/EC on the list of waste pursuant 


2.2 European List of Waste (LoW) 

Commission Decision 2000/532/EC establishes the European List of Waste (LoW). The last 
amendment to the LoW, has been conducted by the EU Decision 2014/955/EU, in order to adapt the 
scientific progress that have been set by chemicals legislation. Legally, the LoW should have been 
applied since 1 June 2015. The procedure of the evaluation whether the waste is hazardous or not is 
a decision-making process that typically begins with the European Waste Catalogue, in which both 
the hazardous and the non-hazardous wastes are included [7]. 

The different types of waste in the list are fully defined by the six-digit code. The LoW 
contains 20 chapters (two digit codes), further divided into sub-chapters (four digit codes) and 
entries (six digit codes). The six-digit codes that are marked by an asterisk (*) shall be consider as 
hazardous. On the other hand all the other entries are considered as non- hazardous. 
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The methodology for the selection of the appropriate code for every waste stream is based on 
the identification of the source generating the waste, by choosing the first 2 digits from the Chapters 
01 to 12 or 17 to 20. If no appropriate waste code can be found in Chapters 01 to 12 or 17 to 20, the 
Chapters 13, 14 and 15 must be examined to identify the waste. As last choice the waste must be 
identified according to Chapter 16. If the waste is not in Chapter 16 either, the 99 code (wastes not 
otherwise specified) must be used in the section of the list corresponding to the activity identified in 
step one. 

The identification of the most appropriate entry is an important step in the classification of 
waste and requires a sound judgement by the evaluator of a waste, based on his knowledge of the 
origin and process generating the waste, as well as its potential composition. 


2.3 Mining waste Directive 

The subject of the Directive 2006/21/EC [8] is to provide measure, procedures and guidance to 
prevent or reduce as far as possible any adverse effects on the environment, in particular water, air, 
soil, fauna and flora and landscape, and any resultant risks to human health, brought about as a 
result of the management of waste from the extractive industries. 

Although, according to Article 2 of the WFD, the waste resulting from prospecting, extraction, 
treatment and storage of mineral resources and the working of quarries are not covered from the 
WFD, the waste evaluator should classify the waste from the extractive industries according to 
criteria of LoW. 


2.4 The Landfill Directive 
The Directive 1999/31/EC [9] defines the different categories of waste (municipal waste, hazardous 
waste, non-hazardous waste and inert waste) and applies to all landfills, defined as waste disposal 
sites for the deposit of waste onto or into land. Landfills are divided into three classes: 
e landfills for hazardous waste; 
e landfills for non-hazardous waste; 
e landfills for inert waste. 

The criteria and the procedures for the acceptance of a waste under the Landfill Directive set 
out in Annex II. Although, the classification of waste as hazardous according to LoW and Annex III 
to the WFD is important also for the purposes of the landfill, since hazardous waste should be 
disposed in landfills for hazardous waste, and non-hazardous waste shall be disposed in landfills for 
non-hazardous waste or inert waste. 


3. PROCEDURES FOR THE CLASSIFICATION OF WASTE 


The assessment and classification of waste is applied to each distinct waste stream generated by a 
producer. All waste streams not excluded by the WFD are to be classified according to WFD and 
the LoW, as it is given in the Figure 1. As a second step, the waste evaluator should identify the 
most appropriate entry for any given waste stream in the LoW. The question that arises is in which 
entry the waste stream shall be assigned (a) absolute hazardous entry, (b) absolute non-hazardous 
entry or (c) Mirror entry 
e Absolute hazardous entry: The waste stream is marked with an asterisk and must not be 
allocated in a non-hazardous entry. It will still be necessary to proceed in the evaluation of the 
15 hazardous properties of the Annex to Regulation 1357/2014/EU, in order to fulfill the 
provisions laid down in Article 19 of the WFD on correct labeling of hazardous waste (e.g. for 
filling a consignment note for waste movements). The Table 1 provides an overview of the 15 
hazardous properties. 
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e Absolute non-hazardous entry: In case a waste stream is non-hazardous shall be classified as 
non-hazardous without any further assessment 

e Mirror entry: Mirror entries are a group of at least two alternative entries. It is necessary to 
proceed in the evaluation of the 15 hazardous properties of the Annex to Regulation 
1357/2014/EU, in order to determine, in which entry, the mirror hazardous or the mirror non- 
hazardous shall be allocated. If the waste displays one or more of the 15 hazardous properties, 
the corresponding hazardous entry has to be assigned. 


Table 1. Hazardous properties of the Annex to Regulation 1357/2014/EU 


HP! | Explosive": It refers to the waste which is capable by chemical reaction of producing gas at such a 
temperature and pressure and at such a speed as to cause damage to the surroundings. Pyrotechnic waste, 
explosive organic peroxide waste and explosive self-reactive waste is included. 


HP2 | “Oxidising”: It refers to the waste which may, generally by providing oxygen, cause or contribute to the 
combustion of other materials. 


HP3 | “Flammable”: 

It refers to the waste witch applies to at least one of the following : 

— flammable liquid waste: liquid waste having a flash point below 60 °C or waste gas oil, diesel and light 
heating oils having a flash point > 55 °C and <75 °C; 

— flammable pyrophoric liquid and solid waste: solid or liquid waste which, even in small quantities, is liable 
to ignite within five minutes after coming into contact with air; 

— flammable solid waste: solid waste which is readily combustible or may cause or contribute to fire through 
friction; 

— flammable gaseous waste: gaseous waste which is flammable in air at 20 °C and a standard pressure of 
101.3 kPa; 

— water reactive waste: waste which, in contact with water, emits flammable gases in dangerous quantities; 

— other flammable waste: flammable aerosols, flammable self-heating waste, flammable organic peroxides 
and flammable self-reactive waste. 


HP4 | “Irritant —skin irritation and eye damage”: Waste which on application can cause skin irritation or damage 
to the eye. 

HPS | "Specific Target Organ Toxicity (STOT)/Aspiration Toxicity": waste which can cause specific target organ 
toxicity either from a single or repeated exposure, or which cause acute toxic effects following aspiration. 


HP6 | “Acute Toxicity": waste which can cause acute toxic effects following oral or dermal administration, or 
inhalation exposure. 

HP7 | "Carcinogenic": waste which induces cancer or increases its incidence. 

HP8 | “Corrosive”: waste which on application can cause skin corrosion. 

HP9 | "Infectious": waste containing viable micro-organisms or their toxins which are known or reliably believed to 


cause disease in man or other living organisms. 


HP10 | *Toxic for reproduction": waste which has adverse effects on sexual function and fertility in adult males and 
females, as well as developmental toxicity in the offspring. 


HP11 | “Mutagenic”: waste which may cause a mutation, that is a permanent change in the amount or structure of the 
genetic material in a cell. 


HP12 | "Release of an acute toxic gas": waste which releases acute toxic gases (Acute Tox. 1, 2 or 3) in contact with 
water or an acid. 


HP13 | "Sensitising": waste which contains one or more substances known to cause sensitising effects to the skin or 
the respiratory organs. 


HP14 | *Ecotoxic": waste which presents or may present immediate or delayed risks for one or more sectors of the 
environment. 


HP15 | “Waste capable of exhibiting a hazardous property listed above not directly displayed by the original 
waste". 


According to this approach the determination if a waste is hazardous or non-hazardous is based on 
the 15 hazardous properties (HP1 to HP15) of the Annex to Regulation 1357/2014/EU, which must 
be separately examined. The assessment starts with the investigation and the identification of the 
hazardous ingredients, which may be contained in the waste and compare their content based on the 
limit values defined in Regulation 1357/2014/EU. In order to evaluate the hazardous ingredients in 
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the waste and subsequently to be able to perform the assessment, it is necessary to obtain sufficient 
information about the presence and content of hazardous substances in the waste, in order to be able 
to determine if the waste might display any of the hazardous properties HP1 to HP15. Regarding the 
calculation method, it should be noted that hazardous substance content values in waste as they 
have been determined, e.g. by sampling and chemical analysis of the waste under consideration, 
have to be compared against the concentration limits listed in Regulation 1357/2014/EU. 
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Figure 1. Flow chart for the evaluation of a waste stream 


4. IMPLEMENTATION OF THE WASTE CHARACTERIZATION ON REVEGETATION 
AND RESTORATION ISSUES 

When an operation comes to an end, the site needs to be prepared for subsequent use, although, it is 
impossible to restore a site on its original condition. Usually, the aftercare phase is the 
responsibility of the operator; however the operator, the authorities and the stakeholders involved 
should agree on the successive use [10]. Land restoration by means of the mining waste extracted 
during operations allows for better land rehabilitation results. Usually, the materials used for the 
restoration of a land, by means of backfilling, are tailings mixed with a binder, usually cement, and 
then pumped underground to fill voids and help support the restoration procedures [11]. 

Taking into consideration the Article 5 of the Mining Waste Directive “...placing extractive 
waste back into the excavation void after extraction of the mineral, as far as is technically and 
economically feasible and environmentally sound in accordance with existing environmental 
standards at Community level..." the land restoration should be based firstly on the security of the 
stability of the area and secondly the operator should take appropriate measures to prevent the 
pollution of the environment and the adverse effects on human health. 

Although, the Mining Waste Directive is excluded from the scope of the WFD, according to the 
WFD and the Article 18 it is forbidden to mix hazardous wastes either with other categories of 
hazardous waste or with other waste, substances or materials. For this reason the procedure of 
restoration by means of backfilling, shall be accompanied with the waste classification according to 
the WFD and the LoW and it must not be confused with the criteria for acceptance of waste as set 
out by the Landfill Directive. Furthermore, the tailings and the waste used for the restoration 
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procedures should be evaluated according to the HP1 — HP15 in order to recognize in which group 
entry the waste shall be assigned and is it should be used in the restoration. 

As far as the revegetation procedure is concerned, the operator should fulfill the fundamental 
criteria for closure processes, which are the physical, the chemical and the biological stability of the 
area. Specifically, when the environment is restored to a natural, balanced ecosystem typical of the 
area the natural rehabilitation can occur. 


5. CONCLUSIONS 


The EU waste law has raised the concern on the impact of the waste management for health and the 
environment. The revision of the legislation has been conducted, in order to reinforce and simplify 
the existing procedures of waste classification and takes into consideration the Regulation (EC) 
1272/2008 on the Classification Labelling and Packaging of substances and mixtures. Nowadays, 
the recognition if a waste is hazardous or nonhazardous is a crucial decision in the entire chain of 
waste management and of life — cycle of an operation. The final step of the life cycle of an 
operation is the restoration and the after care of a facility. The proper classification of a waste 
stream, by means of backfilling, can promote the process of natural rehabilitation. 
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Abstract 


The major problem concerning the prevention and restoration of environmental damage consists in 
the complicated and non linear nature of the environmental harmful effects as well as in their very 
difficult evaluation, since the environmental resources themselves have no commercial or monetary 
value. In this framework, the Directive 2004/35/EC on environmental liability (ELD) excludes any 
monetary preventive or remedying measure by providing for a triple mechanism of in natura 
measures. However, the efficient enforcement of these provisions has to overcome the hurdles of 
the establishment of the causal link and of the assessment of environmental damages. These 
obstacles are insuperable given the fact of the diffuse character of many damages, the multiple 
source environmental risks, the lack of mandatory financial security provision in the ELD, the 
possible insolvency of the responsible polluters. Hence, the perspective of setting up a 
compensation fund seems to be a more and more attractive regarding the more effective deal with 
environmental damages, despite the expressed criticism regarding the very famous american 
Superfund (CERCLA). Therefore, the aim of this paper is to explore the feasibility of designing 
such a fund as well as its particular characteristics in order to be consistent with the polluter pays 
principle. 


Keywords: environmental damage; compensation fund; prevention; restoration; polluter pays 
principle 


1. INTRODUCTION 


The Directive 2004/35/EC on "environmental liability with regard to the prevention and remedying 
of the environmental damage" entered into force on 30 April 2004, with a transposition deadline set 
for April 2007. The Environmental Liability Directive (hereinafter referred to as "ELD") has been 
completed transposed by all Member States since June 2010. This Directive aspired to establish an 
effective model of environmental liability based on the Polluter Pays Principle (hereinafter referred 
to as *PPP") that would offer solutions to environmental problems, which are distinguished by the 
lack of spatial and temporal limits as well as by their dynamic, diffuse and no linear development. 
The ELD makes Member States responsible for ensuring that significant and measurable damage to 
water, land, and biodiversity (protected species and habitats) is either prevented by appropriate 
measures in case of imminent threats, or effectively remedied by restoring the previous condition, if 
the damage has already been done. 

Moreover, the ELD outlines in Annex III the activities for which an operator may be held 
liable, a set of exemptions as well as certain obligatory and optional defences. The fundamental 
characteristic of this Directive is the break with the traditional civil law liability models and the 
establishment -after more than ten years of deliberations and several unsuccessful legal choices [1], 
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of a sui generis both strict and fault based liability regime that deals straightforward with the pure 
environmental damage, reinforces the preventive action and emphasizes the need for in natura 
restoration by providing for a triple system of primary, compensatory and complementary 
remediation[2] . 

The adoption of the ELD sparked off an important legal debate regarding the financial security 
and insurance issues related to the environmental damages. Given that the ELD implements the 
PPP, its main aim consists in making the liable operators bear the cost for restoration of the 
environmental damage they cause. However, the EU Parliament and the Council recognizing 
promptly the risk that environmental damages will not be restored in cases of operator's insolvency, 
activation of defences established by the ELD or of diffuse damage. According to this, Member 
States encourage the use by operators of appropriate financial security and the development of 
financial security instruments and markets in order to provide effective cover for financial 
obligations under this Directive. However, the ELD does not oblige operators to take up financial 
security through concrete predetermined solutions before environmental damage has occurred. 
Despite the fact that the European Parliament made a proposal to include such a provision, the 
Council deleted it during the legislative process. In lieu of mandatory financial security the ELD 
was confined only to a declaratory encouragement towards the development of financial security 
mechanisms [3]. 

That constitutes a major problem, given that the remediation of environmental damage can be 
extraordinarily costly. In particular, the occasion that reactivated the discussion regarding the 
deficits of the existing provisions as well as the potential setting up of a compensation fund for 
environmental damages was a red sludge catastrophe in Hungary in 2010 with tremendous 
consequences [4]. Similar EU cases that had already underlined this crucial issue were the 
Aznalcollar disaster (1999), the AZF Disaster in Toulouse (2001) and the Prestige oil tanker 
disaster (2002). In this framework, it is essential to explore the possibility of creating a 
compensation fund as an alternative financial compensation mechanism covering environmental 
liabilities. 


2. THE INEFFICIENT FINANCIAL SECURITY MECHANISMS IN EU LANDSCAPE 


The need for alternative financial assurances stems from the deficiencies of the general system of 
liability law and liability insurance. The latter has been demonstrated not to be fully satisfactory for 
ensuring the compensation of personal injury, property damages and remediation costs resulting 
from pollution and other adverse effects on the environment [5]. As "financial security" may be 
generally characterized a financial instrument put in a place by any operator prior to the occurrence 
of any environmental damage that provides a defined maximum amount of money readily available 
to third parties upon the occurrence of environmental damage during a specified, fixed period, 
regardless of the financial capacity of the operator at the time[6]. Through the lens of the ELD, the 
financial security can help to provide the funds for restoration in cases of unidentified, unavailable 
or insolvent operator [7]. In this respect, the term "financial security" refers to all instruments that 
provide financial security, including cash deposits, bonds, bank guarantees, other third party 
guarantees, mutual insurance arrangements, self-insurance, and insurance provided by a third party 
insurer [8]. 

The cornerstone of a financial security system based on the idea that these instruments ensure 
the availability of liquid asset whenever a triggering event occurs; however, the coverage limit is 
determined and the maximum coverage of a financial security instrument should have a rational 
relation with the maximum reasonably predictable damage. At this specific point can be identified 
the challenging function of the financial security mechanisms in the field of environmental liability, 


756 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


since the environmental damages are characterized often by their dynamic, unpredictable and 
diffuse nature. 

Accordingly, whilst the abovementioned security instruments have been successfully used in 
other areas, their application in the area of environmental damage has proved to be complicated and 
is still far from being mature, mainly driven due to late ELD implementation by Member States [9]. 
In addition to this, at the time of the ELD's adoption in 2004, the market for financial securities in 
the EU landscape was fragmented [10]. Reflecting the differences in national law and practice, it 
was organized at the national rather that European level and the experience with natural resource 
damage was very limited. Therefore the EU-wide environmental liability has demonstrated slow 
growth regarding the financial security market. 

In this framework, EU has trouble gathering examples of ELD claims and there is a lack of data 
available for predicting potential environmental risks mainly due to legal ambiguities of the ELD. 
Particularly, there is lack of widespread definition of what constitutes “baseline condition" and 
vague definition for threshold of damage severity. Moreover, among the EU Member States is 
figured out a differentiated implementation of the defences and the scope of the activities 
considered for strict liability. In this vein, further adversities in the field of environmental damage 
arise by virtue of the limited financial security market: environmental insurers have specialized 
expertise and new products being slowly developed for new ELD risks due to the not easily 
calculable environmental harm. Lastly, financial security products are limited and very expensive 
and information on accidents and costs not yet widely available. 

This EU immaturity and fragmentation with respect to the financial security is confirmed in 
October 2010, when the European Commission concluded that there was not sufficient justification 
at that time to introduce a harmonized system of mandatory financial security [11] due, among other 
things, to the lack of practical experience in the implementation of the ELD resulting from a three- 
year delay in its transposition in some Member States. Nevertheless, the ELD does not preclude 
Member States from issuing more stringent provisions [12]. In that context, some Member States 
have already enacted legislation to introduce mandatory financial security for ELD liabilities 
(Spain, Greece, Portugal, Bulgaria, Hungary, Czech Republic, Romania and Slovakia), but the 
effective implementation of these legislations stumbles over practical difficulties [13]. 

Namely, the perspective of a mandatory financial security raises very crucial issues concerning 
the included operators, the amount of premium, the terms and conditions of its activation, the 
coverage limit, and the potential exceptions. Even more important, however, is the question whether 
the particular financial security instruments should be imposed by the Member States or chosen by 
the operators. The second alternative seems to be more appropriate because otherwise the decision 
for one instrument will likely be arbitrary and create a "captured market" with possible 
uncompetitive pricing but without assuring the required coverage [14]. Moreover, another objection 
as far as the mandatory insurance is concerned refers to the function of such an instrument as a 
disincentive for the operator's optimal care for environmental risks [15]. 

Under these circumstances, only Spain and Hungary were among the Member States that 
adopted and set into force compulsory systems underlying the complicated nature of this issue. In 
Spain, indicatively, the Article 26 of the Spanish FSM Law allows for any or all of the following 
types of financial security: 1) an insurance policy from a Spanish-licensed insurer; 2) a financial 
guarantee secured by a Spanish-licensed financial institution; or 3) an ad hoc endowment reserve 
fund created by the Spanish FSM Law and supported by the public sector [16]. Further, the Spanish 
system requires coverage for amounts over €300000 (floor) up to €20 million (ceiling) per annum 
[17], while it limits the financial security requirement to activities posing an assessed “risk of 
pollution", that is narrower than the ELD term “environmental damage". Exception to the general 
rule of mandatory financial security is established for operators that operate an activity certified 
pursuant to either the EU EMAS regime or the International Organization for Standardization's ISO 
14001 standard [18]. 
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In view of the above analysis, it is clear that the financial security and insurance provisions in 
the EU level has a fragmented and inefficient character, since they do not cover all environmental 
damage within the scope of the ELD. Furthermore, the —so far- proposed solutions on this issue 
remain piecemeal and national law-oriented. 


3. THE FEASIBILITY OF A COMPENSATION FUND FOR ENVIRONMENTAL 
DAMAGES 


The lack of an efficient, coherent and harmonized financial security system for environmental 
damages in EU level in combination with the increase of environmental risks as well as the 
aggravation of environmental disaster addresses the issue of establishing a compensation fund as an 
alternative viable answer to the complicated environmental cases. Additionally, the limitation of the 
insurance market as well as the very slow progress on the development of new products do not 
correspond to the increasing demand for financial assurances for environmental liabilities under the 
legal requirements in force[19]. 

In this vein, despite the strong criticism that has been levelled against the option of a 
compensation fund[20], such a choice may constitute a potential solution, given that under certain 
conditions both the existing liability regimes and the premature financial security mechanisms do 
not provide for adequate answers to the extremely complex structure of current environmental 
phenomena. The main drawback related to the establishment of such a fund consists in its contrast 
to the PPP, which constitutes the basement of the ELD. In the ideal world, according to the PPP the 
companies, which caused damages, should be liable for the entire amount and financial security 
covers only any excess amount they will be unable to fund. In practice, a balance between the costs 
and benefits of full protection against any potential inability to compensate damage must be found, 
and less than perfect financial security is likely to be the preferred policy option[21]. On these 
grounds, it must be ensured that a fund or scheme that spreads the risk and pre-financing of claims 
from a major accident will not relieve the liable operator from the financial consequences of its act 
and its legal liabilities. In order to comply with the polluter-pays principle, therefore, the proposed 
fund must not affect any incentives to operators to avoid damage from their activities and must not 
allow operators to profit from wrongdoing. 

Being at this crossroads and due to the fact that the function of such a compensation fund may 

undermine the application of the PPP, it should be underlined that its activation should have a 
guarantee or complementary character and be strictly limited inasmuch as it is impossible for the 
liability rules and the financial security mechanisms in force to apply. In general, it is very crucial 
to determine tirelessly the criteria for the activation of such a potential compensation fund 
especially as far as the identification of the included environmental damages, the circle of potential 
polluters (and of the fund) and the amount of their contribution is concerned. 
The European Commission realizing the extent of the problems raised by the lack of stable and 
effective answer to the environmental liability and financial security issues, decided to carry out a 
specific study focused on the feasibility of creating a fund to cover environmental liability and 
losses occurring from industrial accidents[22]. The "trigger" for this initiative was a major 
industrial accident that took place at the MAL alumina factory near Kolontár, Hungary on 4 
October 2010[23]. In the wake of this huge environmental disaster, the Hungarian government 
proposed the establishment of a European Union Industrial Disaster Risk-Sharing Facility to be 
funded by an annual contribution from targeted industries and companies[24]. The amount of the 
contribution would be indexed in accordance with the annual net corporate income of companies in 
the targeted industrial sector. 

The idea was very challenging and has given rise to a considerable interest among Member 
States, public authorities, industry sector and experts from the Commission. Whilst the proposition 
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highlighted urgently the need to account more efficiently for the environmental damage caused by 
disasters of such a magnitude, it has actually thrown up more questions than it solves. Although 
such propositions of creating a fund or risk sharing pools to cover liabilities are not new and have 
already been materialized in the international ambit, like the voluntary compensation scheme OPOL 
(Offshore Pollution Liability Association) which covers accidents from off-shore oil and gas 
operations in N. Atlanta, the ongoing progress with the EU is slow-paced. Moreover, this idea may 
not be so acceptable from the industrial sectors which could provide for their liabilities using other 
approaches and tools. 

This is due to a whole series of reasons in connection with the outline of key design elements of 
potential fund. Namely, the main questions focuses on the key sectors as well as the types of 
damages to be covered, the nature of liabilities, the specific scheme of the fund and the way the 
fund is raised. In addition to this, burning issues regarding the concrete function of the fund concern 
its general or the sectoral character, its EU-wide or regional cover, its size and its threshold as well 
as how the key stakeholders will be engaged in such a scheme. Apart from all these, a cardinal 
problematic is related to management of the fund: who will make decision for the resources of the 
fund and who will exercise the monitoring procedure. 

To sum up, it is undeniable that the proposition of introducing a compensation fund in order to 
deal more efficiently with the environmental liabilities constitutes an ambitious and controversial 
task. The legal ambiguities regarding the features and the function of such a scheme as well as the 
conflict with the PPP constrain admittedly this perspective. In the light of the foregoing, it is 
considered that a compensation fund may be an acceptable practical and efficient solution for the 
cases of the “orphan” environmental damages, that is, costs that would have been incurred by a 
liable operator but for its lack (or low level) of financial viability to cover part or all of the costs, is 
more likely to be acceptable. In this respect, the ELD does not require Member States to remediate 
environmental damage if the liable operator does not do so. However, at any case it is essential to 
preserve the preventive and dissuasive action of the liability regime by providing for special grants 
for safety and prevention in parallel with the implementation of the fund. 


4. CONCLUSION 


The financial security instruments constitute a very complicated and multifaceted issue. Achieving 
a harmonization in this field demands a “gradual approach" and a balance between the level of 
security and the cost thereof[25]. Furthermore, it is left to the government to decide which 
instruments should be implemented as well as the kind and the level of the regulatory rules. In terms 
of the EU landscape the biggest issue is related to the lack of standardization among the 
differentiated national financial system. In this ongoing transitional period regarding the EU 
financial security ambit the Commission is keen to examine new ideas, such as the establishment of 
a compensation fund, to further elaborate some proposition and to how they may be eventually 
come into fruition[26]. 

The creation of an EU fund or scheme for industrial accidents involving pollution is an idea 
that has several positive aspects to commend it, for example to cover immediate response measures 
or “orphan” damages. The existence of funding that would be immediately available to respond to 
an accident could substantially reduce the consequences and, thus, the total cost of remediating 
damage and losses resulting from that accident. However, the demanding part of the realization of 
this idea remains the clear identification and agreement on the purpose and the key elements of the 
fund or scheme. On this basis, the long experience of the USA financial security market could 
valuable and helpful [27]. 

In respect with a potential function of a compensation fund within the ELD some stakeholders 
[27] raised the issue of whether the fund or scheme would still apply in cases of permit or the state- 
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of-the-art defence [28]. It is unlikely, however, that adoption of the permit and state-of-the-art 
defences by some Member States would cause a problem because it is highly unlikely that either of 
these defences would apply to a major industrial accident causing pollution. In such circumstances, 
the operator would almost certainly be in breach of its permit. Further, the state-of-the-art defence 
would almost certainly not apply to such a pollution incident because the results of a spill or 
explosion caused by inadvertently mixing two chemicals, etc. would almost certainly be known 
when it occurred. Finally, one more sticking point concerns the actual efficiency of such a fund that 
has a predetermined ceiling given the provision for unlimited liability under the ELD. 
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Abstract 


Water policy in Europe is governed by the implementation of two well-known directives: the Water 
Framework Directive (WFD) 2000/60/EC and the Flood Directive (FD) 2007/60/EC. The present 
paper focuses on the implementation progress of both Directives in Greece and the compliance they 
present with the requirements of the European Commission (EC). The current study focuses on 
certain obligations that the Greek River Basin Management Plans (RMBPs) did not meet, both at 
the preparatory phase and on the final issue of the plans. Moreover, it is of crucial importance that 
the application of the FD is in line with WFD in order to improve efficiency. A first point 
highlighted by the EC, is the fact that a substantial number of differences are observed among the 
Greek RBMPs. Also, serious drawbacks of the consultation phase are pointed out, while another 
substantial issue is that climate change has not been taken under consideration. 


Keywords: water framework directive; flood directive; river basin management plan; flood risk 
management plant 


1. INTRODUCTION 


The transition of the WFD into the Greek legislation was initiated in 2003 (Law 3199/2003) and 
since then continuous efforts are being made for the fulfillment of the obligations as set in the 
Directive. Currently, all 14 River Basin Management Plans (RBMPs) of the Greek territory have 
been adopted in the national legislation, as they were formed after the public consultation process. 
Nevertheless, serious omissions and drawbacks are observed in the final issues of the plans. The 
current study focuses on certain obligations that the Greek RBMPs did not meet, both at the 
preparatory phase and on the final issue of the plans. A first point highlighted by the EC, is the fact 
that a substantial number of differences are observed among the Greek RBMPs, mainly due to the 
fact that each plan was assigned to a different contractor. Secondly, serious drawbacks of the 
consultation phase are pointed out and in general the consultation process is assessed as 
unsuccessful. Another substantial issue is that climate change has not been taken under 
consideration and the required specific adaptation measures are not presented in the Program of 
Measures of the approved RBMPs. 

Moreover, in 2007 the FD, which should be applied in line with WFD, came into force in order 
to improve efficiency, information exchange and achieve common synergies. This has imposed 
another parameter that has to be faced by the Member States (MSs) during the implementation of 
the WFD. Undoubtedly, building synergies between the two directives is a rather demanding task 
without prior experience on it and consequently it has not been addressed adequately yet. 

2. IMPLEMENTATION STATUS 
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2.1 Water Framework Directive 

According to the WFD [1], water resources management should be based on the geographical 
borders of the natural basins and not on administrative or political boundaries. The new WFD refers 
to all the types of water (rivers, lakes, coastal) and promotes the concept of Integrated Water 
Resources Management (IWRM). The application of IWRM entails the investigation of the 
mechanisms that would bring the necessary balance between development and environmental 
protection through a decentralized approach based on public participation. The term "integration" 
refers to all these aspects that should be considered such as different objectives alongside with any 
social, economic and ecological impacts [2]. The directive sets concrete aims for the environmental 
conditions with a very specific timetable for their implementation. Also, a new approach to the 
assessment of water quality is suggested using ecological criteria. 

Member States are called to prepare a range of measures and organize them in a Programme of 
Measures (PoMs) in their RBMPs, which are updated every six years. The European Commission, 
according to the requirements of article 18 of the Directive, has issued up to now four 
Implementation Reports, assessing the progress in the implementation of the WFD in all Member 
States. In 2015, the Commission published the interim report [3] containing a review on the 
progress in the implementation of the PoMs by the Member States, based on the reports submitted 
according to article 15.3 of the WFD. The recommendations provided by this report should be 
adopted during the update procedure by the end of 2015. During this assessment phase, the 
Commission issued another 5 assessments of RBMPs of the MSs, Member-States-(Mss); that had 
not fulfilled their obligation to report in 2012 (Greece, Spain, Portugal, Belgium and Croatia). 

The previous Implementation Report was issued in 2012 [4] and included a review on the 
progress of the RBMPs implementation status. At that time Greece had not fulfilled its obligations 
regarding the preparation of the RBMPs, as the public consultation process was not finalized at that 
stage. The European Court of Justice issued two court rulings against Greece; the first in 2008 for 
failing to submit the reports on the characterization of the River Basins and the second in 2012 for 
not reporting on the preparation of the RBMPs. 

Greece has 14 river basin districts, out of which 5 are transboundary catchments with Albania, 
FYROM, Bulgaria and Turkey. Currently, the public consultation process has been finalized in all 
the I4RBs and the RBMPs have been approved and adopted in the national legislation (the last 
RBMP of the Aegean Islands was adopted on 17/09/2015). However, no efforts were observed for 
the preparation of common RBMPs for the transboundary catchments in North Greece and the 
management plans addressed only the Greek territory of the basin. Greece has not adopted yet the 
2"! RBMPs. 

According to the Commission [5] half of EU surface waters are unlikely to reach a good 
ecological status in 2015. The 3™ Implementation Report by the Commission [4] warns that good 
status will not be reached in 2015 for a significant proportion of water bodies, and draws attention 
that hydromorphological pressures, pollution and overabstraction form the main pressures on water 
bodies. Nevertheless, one of the main obstacles for achieving good water status is the nitrogen 
pollution from agriculture, still observed in high levels in European waters. In addition, the 
uncertainty of the water status in 2012 of over 4096 of water bodies and the weakness to establish a 
baseline for action has a negative effect on the formation of the PoMs. 


2.2 Flood Directive 

European Commision introduced the FD as a complementary element of the Water Framework 
Directive (WFD), recognizing that Europe has experienced extreme floods with devastating 
consequences, combined with the fact that extreme phenomena are more often due to climate 
change and intense urbanization. It is widely accepted that the WFD does not address efficiently the 
management of floods, fact that is mentioned in the introductory text of the FD, even if it contains 
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some of the fundamental principles of flood management. Hence, the need for a new framework 
that would address flood management and mitigation provoked the introduction of the FD. 

The first requirement of the FD was the preparation of the Preliminary Flood Risk Assessment 
(PFRA), based on available information on past flood incidents and on predictions about future 
events, due by the end of 2011 [6]. Moreover, the identification of areas of potential significant 
flood risks allows Member States to concentrate on certain areas that are identified with flood risk. 

In 2010 the FD was introduced in the Greek legislation with a Common Ministerial Decision 
[7] and in December 2012 the report of the preliminary flood risk assessment was issued according 
to Article 4 of the FD. The report included maps of all the river basin districts, data collection of 
historic floods and identification of those with significant adverse impact, taking into account any 
human losses, the compensation provided and the flooded area [8]. 

According to the Commission's Report on the implementation of the FD [3], not all Member 
States have developed new preliminary flood risk assessments, but a few were based on existing 
studies or have connected new assessments with existing ones. All Member States were required to 
report to the Water Information System for Europe (WISE) by 26 May 2010 on their administrative 
arrangements for the implementation of the FD. 

The PFRA is followed by the production of flood hazard maps and flood risk maps, by the end 
of 2013, for the areas identified as areas of potential significant flood risks. In order to achieve 
effective risk management, the FD will be applied in cycles and at the end of each six-year cycle the 
Flood Risk Management Plans (FRMPs) should be prepared. The first cycle should be completed 
by the end of 2015 with the first set of FRMPs and should be coordinated with the implementation 
of WFD. 

According to the Special Secretariat for Water [8] of the Ministry of Environment and Energy, 
the remaining flood hazard maps for the RBD GR12 (Thrace) would become available by the end of 
October 2015, together with the rest of the APSFRs (Areas of Potentially Significant Flood Risk). 
Also, flood risk maps were due by the end of 2015, according to the timetable of the 5 projects 
related to the Floods Directive implementation in Greece which are underway. 

The European Commission acknowledging the importance of the preparation of reliable flood 
maps issued in 2007 the “Handbook on good practices for flood mapping in Europe" [9]. According 
to this document, flood maps form the basis for the management of flood risks and they form a 
prerequisite for achieving effective and efficient flood management. The status of flood mapping in 
Europe is described in a document prepared for the 2015 EU Water Conference [10], reporting on 
the progress of Member States on flood mapping by December 2014, where information is missing 
from Bulgaria, Greece, Malta and Portugal. Moreover, another European initiative was launched 
between 2004-2007, aiming on flood forecasting, under the title: “European Exchange Circle on 
Flood Forecasting" [11]. During this period, forecasting methods were assessed in different areas 
and priority actions were proposed in the produced report “Good Practice for Delivering Flood- 
Related Information to the General Public" [12]. 

According to the FD, Member States should have completed the Preliminary Flood Risk 
Assessments (PFRAs) and Flood Hazard Risk Maps (FHRMs) by 22 December 2011 and 22 
December 2013 respectively. According to the *European Overview Assessment of Member States’ 
reports on Preliminary Flood Risk Assessment and Identification of Areas of Potentially Significant 
Flood Risk", issued in September 2015 by the Commission [13], the majority of the Member States 
have completed the PFRAs according to Article 4, while only a few states having completed the 
FHRMs according to Article 13.1b. 
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3. EVALUATION OF THE IMPLEMENTATION PROGRESS 


3.1 Water Framework Directive 

According to the WFD, the Member States sharing basins ought to co-ordinate their efforts in order 

to achieve an integrated management of water resources with the preparation of international 

RBMPs. Accordingly, the FD highlights the need for cooperation among countries and Member 

States shall ensure that exchange of relevant information takes place between the competent 

authorities concerned during the preliminary flood assessment. Up to now, Greece has failed to 

cooperate with the neighbor countries for a number of issues, one of them being the fact that three 
out of the four neighboring countries are not part of the European Union. 

Regarding the adopted PoMs by the Member States, the Commission concluded that in many 
cases, the planned measures are not based on the current status of water bodies or on the pressures 
identified in the RBMPs, but it is observed that decisions on the PoMs were made based on existing 
structures already in place or on the feasibility of certain actions. 

The sole application of the WFD is not sufficient for the achievement of good water status, but 
there are also a number of other Directives, such as the Urban Waste Water Treatment Directive 
(91/271/EEC), the Nitrates Directive (91/676/EEC), the Directive on Sustainable Use of Pesticides 
(2009/128/EC), and others, that should be taken into account during the preparation of the RBMPs. 

A common omission observed in most RBMPs is the fact that the environmental needs of water 
are not addressed adequately. In most cases, only the minimum flows that should be maintained are 
considered, while other important factors are missing, such as flow frequency, duration and timing. 
All the above factors should be used in order to ensure environmental sustainability and the 
ecosystems’ health. 

The Greek RBMPs were assessed by the European Commission and a report was issued [14] 
that highlighted the following issues: 

e The first and one of the main drawbacks that is observed from the first steps of the Directive’s 
implementation is the delay in meeting the deadlines. The Greek RBMPs were delayed due to a 
number of factors, as insufficient administrative structures and time-consuming legislative 
procedures. Subsequently, delays are observed inevitably in the revision of the plans and in the 
implementation of the PoMs that was due by the end of 2015. 

e A crucial issue affecting directly the quality of the RBMPs is the lack of reliable data sets in 
line with the WFD requirements. The Greek case is characterized by an old monitoring network 
with incomplete data series. Moreover, the absence of a responsible authority and the 
involvement of various bodies (national meteorological institute, universities, research centers 
and many others) in data collection and acquisition resulted in fragmented data sets and often 
not accessible to the general public. Hence, the unreliable data affected the water 
characterization as it is based on limited data, while the Commission considers significant the 
uncertainty derived by the data quality and concludes that the necessary transparency in 
classification of the water bodies is missing. 

e The National Monitoring Program was defined in the Greek Law in 2011 (Common Ministerial 
Decree 140384) and it was due to provide the first monitoring results at the end of 2013. It is 
anticipated that the implementation of this program will provide reliable data according to the 
requirements of the WFD for the proper characterization of the water bodies. 

e The economic analysis of water presents variations across the river basins, mainly due to 
missing information. 

e The main responsible authorities for the implementation of the WFD are the Decentralised 
Administrations (DAs), while the general monitoring is supervised by the Special Secretariat of 
Water (SSW) at the Ministry of Environment and Energy. However, during the first round of 
the RBMPs the DAs did not undertake the drafting of the plans, but the SSW run this procedure 
with the contribution of external contractors. 
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e Public consultation was applied according to the Greek Ministry of the Environment and a 
number of consultation workshops took place, but it is not clear whether the comments 
received were taken under consideration during the finalization of the drafts RBMPs. 

e Reports from many of the consultation workshops show that the involvement of stakeholders 
was not as active as it was anticipated and there was limited public participation. In general, the 
Commission does not consider the public consultation process that took place, as successful. 

e Concerning the transboundary catchments in North Greece, no common RBMP was submitted. 
The only other Member State is Bulgaria that shares with Greece Strimonas, Nestos and 
Maritsa River. Bulgaria had already submitted its RBMP for Strimonas River and Nestos River, 
before Greece, while Evros/Maritsa River is shared with Turkey as well, which is not a 
Member State and is not obliged to submit RBMPs. 


3.2 Flood Directive 

The FD came into force as a complementary part of the WFD concerning flood management and 

therefore their implementation should be coordinated. The jg" Report of the Commission [3] 

includes also an assessment of the FD, as it is recognized that only through synergies flood 

management can be efficiently implemented. 

The most crucial factor that has been omitted in the flood risk assessment procedure is the 
incorporation of climate change and its effects on flood magnitudes and frequencies. According to 
the report [3], only one third of the Member States have considered the impact of climate change in 
their assessment. In addition to climate change, other factors as well, such as socio-economic 
developments that might alter flow regimes, or increase flood prone areas. Sixteen of the 23 MSs 
have reported on information on climate change in their assessments of flood risk, while only 11 
MSs have considered long term developments, other than climate change, but the methods used 
were unclear. 

In 2012, the Commission issued a Report on the information reported by MSs on their PFRA 
and Identification of Areas of Potentially Significant Flood Risk [15]. The report addressing 
Greece's progress was based on the information uploaded in WISE (Water Information System 
Europe). The main outcomes of the Commission's report are: 

e Greece has applied Article 4 on the Preliminary Flood Risk Assessment. 

e During the PFRA, 297 historic floods have been considered as significant, but no data exist for 
the majority of them. 

e The procedure for the identification of areas where flooding can occur was realized based on 
geomorphological criteria, such as the slope (threshold of less than 296) and areas of alluvial 
deposits, and on historical floods. 

e As in the majority of MSs, Greece did not take into account long term developments that would 
affect flood risk assessment. The only exception was the urban and tourism expansion that was 
considered, but does not comply with the required level of analysis. 

e The FD implementation should be run at a regional level and regional authorities, especially the 
decentralized administrations, are responsible for the overall management. However, the PFRA 
in Greece was realized centrally by the Ministry of Environment and Energy. 

e Various comments are made on the mapping procedure. The GIS viewer is commented as it 
considered not very user-friendly as it combines many different topics. Moreover, the structure 
of the maps is characterized as very complex and not structured according to the APSFRs. 
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4. CONCLUSIONS AND RECCOMMENDATIONS 


The analysis of the implementation stage and the Commission's Report can provide useful 
conclusions that could put forward the further implementation steps. One of the main issues of the 
WFD's implementation and a crucial factor for the achievement of the Directive's goals is the 
PoMs proposed in the RBMPs. The efficiency of the MSs' PoMs depends on an accurate 
assessment of pressures and impacts and of the current water status. In case of improper 
assessments, then the whole RBMP is in risk of failure, as the proposed measures will be based on 
unrealistic data. 

Another technical issue that holds an important role in the success of the RBMPs is the 
monitoring of the water bodies. Sound monitoring provides a safe base for assessing impacts and 
building concrete measures that would bring the desired results. Thus, the monitoring network 
should be enhanced and especially for the priority substances of surface waters. Moreover, a 
common pressure in most MSs is the diffuse pollution caused by agricultural activities. It is a 
general remark, that MSs should strengthen their measures in order to confront this issue. 

The primary goal in each RBMP is the achievement of good water status through the 
implementation of the PoMs. However, the efficient design of the PoMs requires a selection of the 
most cost effective measures that will succeed in the transition of the current water status to “good 
status". A cost effective analysis of the proposed measures is necessary in order to acquire a better 
understanding on the time and costs needed to achieve the objectives. 

Moreover, great attention should be drawn on water abstractions and the relevant legislation 
that cover existing abstractions. Recently in Greece, a new legislative framework (Common 
Ministerial Decision 150559/2011) gave the opportunity to existing water abstractions, 
independently of their legal status, to continue their functionality as long as there is no change of 
the abstracted volumes. This measure was adopted in the whole country, without taking into 
account special conditions or needs of each RBD. It is also commented by the Commission that 
existing water rights should be reviewed and if necessary updated in order to ensure compatibility 
with WED requirements. In addition, the link between water quantity and quality should be 
investigated further and strict measures should be put in place concerning water abstractions and 
flow regulations. 

The ecological flows should be adopted according to official guidance (Guidance Document 
n.31) and specific measures should be in place for protecting these flows and to ensure 
environmental sustainability especially for vulnerable areas. 

The pricing of water resources is a prerequisite of the WFD for all sectors. In Greece, the pubic 
consultation has been completed in the summer of 2015, and the implementation of water pricing 
should be done within the year 2016. Hence, there are no results yet that could be discussed, but the 
Commission places great emphasis on the adequate pricing of water resources, especially on the 
agricultural sector. 

It should be noted that in spite the difficulties and the incomplete implementation of the FD, for 
the first time the MSs are facing flood issues under the same framework in order to fulfill the 
Directive’s goal of preventing social, economic and environmental damage from flooding. Another 
important change is the fact that in addition to flood protection, MSs are also focusing on 
prevention and awareness. The tools produced during the FD’s implementation, such as flood 
hazard maps and flood risk maps, can be used by the responsible authorities for preparing measures 
towards the reduction of flood risks. 

Another issue, that had not yet been confronted adequately, is the preparation of common plans 
in transboundary catchments. The European Union has repeatedly included in various Directives 
general principles for achieving transboundary cooperation, while there are European examples of 
good practice such as the Rhine and the Danube. Yet, transboundary cooperation on a regular basis 
is not observed, in most cases for various reasons such as the heterogeneity of data, different 
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standards, lack of political will and inadequate efforts across borders to deal effectively with 
managing risks. Funding interregional projects can form the basis for scientific and political 
cooperation, but such efforts often end with the project's deadline and it is quite rare to achieve a 
follow-up of the cooperation paths achieved during the project. 

Especially in Greece, where roughly 25% of the country's renewable resources are “imported”, 
transboundary water resources constitute a major asset for the country and introduce high 
uncertainty for the country's imported water. Although many efforts have been made and many 
bilateral memoranda of co-operation have been signed between Greece and the neighboring 
counties, the process of applying common management plans has not yet been implemented. Co- 
operation until now, took place through fragmented measures, ignorance of the local needs, giving 
emphasis on securing users rights rather than treating transboundary rivers as a unity, which should 
be jointly protected and managed. 

Concluding, the efficient implementation of both Directives is highly based on the 
administrative capabilities of ensuring that cooperation paths remain open among authorities at 
various levels. The responsible bodies implementing all the plans should be decentralized and based 
at each RBD. It is highly recommended to rely on existing structures that have proven to be 
successful and especially for the efficient implementation of the FD, the MSs should take advantage 
of the experience gained by the implementation of the WFD. 
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Abstract 


A strategy for the sustainable development of mountainous areas necessarily involves the 
exploitation of the natural environment. Any intervention in the natural environment has to comply 
with the basic established principles of forestry and environmental law (sustainable management of 
forests). The absence of a comprehensive legal framework in Greece, which describes with clarity, 
sufficient detail and accuracy the technical specifications, which must be fulfilled by environmental 
commitments call the environmental compatibility of projects into question. Therefore, the 
integration of objective, scientific criteria in the existent legislation, which ensure a minimum 
environmental protection from the multiple implications of the proposed forest road constructions is 
essential. Aim of the present study is the examination and evaluation of the objectivity, coherence 
and completeness of the legal framework of developing environmental commitments of forest road 
construction, in comparison with European standards. 


Keywords: environmental commitments; forest road construction; legal framework 


1. INTRODUCTION 


The subject of this study is the presentation of the current legislative framework in Greece 
regarding the development of environmental commitments for forest road construction, the 
identification of its deficiencies and the determination of the scientific environmental criteria, which 
need to be taken into consideration by researchers. A comparative overview of the Swiss model was 
considered essential for the determination of specific and not general environmental criteria. The 
Swiss model was specifically chosen, because Switzerland was one from the first countries, which 
adopted a constitutional obligation for the protection of environment in 1971 [1]. On the contrary, 
the heads of government of the former European Economic Community declared an intent to adopt 
a common environmental policy in 1972. A proposed (rather than a preliminary) draft EIA 
Directive was published in 1980 by the Commission of the European Communities [2]. 

By definition, a forest road is an artificial strip of land, which has taken shape from the 
viewpoint of geometrical features and quality of pavement in order to serve the demands of users 
for forest protection [3]. The opening up of a forest road has to balance between financial and social 
outputs and sustainable development. Despite the benefits, the construction of forest road is 
accompanied by negative impacts on the environment. These may be defined as changes caused to 
environmental resources (natural and social), with a temporary or permanent character in respect of 
the time horizon within which these changes take place [3]. 
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2. MATERIALS AND METHODS 


The protection against the alterations caused to the natural environment by the construction of forest 
roads is regulated by a) environmental law and b) forest protection law. 


2.1 Environmental law 

According to the Greek environmental law, projects and activities of public and private sector, those 
construction or operation can provoke implications on the natural environment, are divided into two 
categories (A and B). Projects followed by significant environmental implications, belong to the 
first category of projects and they are mandatorily subject to an environmental impact assessment 
(EIA), which imposes specific conditions and limitations aimed at the protection of the environment 
[4]. On the other hand, projects followed by local and not significant environmental implications, 
belong to the second category of projects and they are subject to general requirements, restrictions 
and specifications [4]. Systematic assessment is not prerequisite for projects belonging to the 
second category. As result, they are not subject to environmental impact assessments, but 
exclusively subject to environmental commitments, which are an integral part of the required 
authorisations for construction, establishment or operation of the project [5]. 

The procedure of environmental impact assessments for projects in NATURA areas is stricter. 
Precisely, an indispensable additional condition for the approval of projects of both categories 
mentioned above is their previous specific ecological assessment, which is a preliminary examination 
of possible adverse effects. In case of projects belonging to the first category, the specific ecological 
assessment is part of the EIA. Specific ecological assessment of projects belonging to the second 
category, which highlight the danger of the protected area, is included as additional condition in 
environmental commitments following the relevant decision of the regional governor [6]. 

Forest road construction belongs to the second category of projects and more precisely to the 

type of projects entitled “land or air transport projects — road construction" [7]. As far as the 
procedure is concerned, the competent authority for the granting of an authorisation is responsible 
for ipso jure inclusion of forest road construction in environmental commitments [5].The competent 
authority in case of forest road construction is the environmental and spatial planning department of 
the region concerned [8]. Prerequisite is the relevant statement of the developer or the project 
promoter. Projects not accompanied by an authorisation are included in environmental 
commitments on responsibility of the competent environmental department of the region [5]. 
The statement of the inclusion of the project in environmental commitments is accompanied by the 
following documentation: 1) a concise technical report of the project and other supporting works, 2) 
mapping of the project and the region of its operation and 3) an opinion by the competent 
archaeological authority about whether the location of the project is of archaeological interest or 
not. If the project is located outside of the town plan and outside of agglomerations' limits, the 
following additional documents are also required: 1) act of characterization of the area, where 
needed, according to the provisions of forest law legislation and 2) an opinion of the competent 
forestry regarding additional environmental commitments about forest protection [9]. 


2.2 Forest protection law 

The opening up of forest roads into forest ecosystems (forests, forest and reforested areas and public 
areas) is permissible within the terms of the environmental report of the project as well as the terms 
of the conservation of forest protective characteristics. Environmental criteria which need to be 
taken into account through the adoption of protective measures are following: non — alteration of 
the natural environment, protection and recovery of forestry vegetation and creation of new 
vegetation for operational and cosmetic reasons. Moreover, persons entitled to the opening up of 
forest roads are obliged to create row trees and straight — line plantations alongside the road, 
according to the instructions of the competent forestry administration [10]. 
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2.3 Evaluation of the Greek legal framework of environmental commitments in comparison 
to the Swiss model 

From a scientific perspective, environmental commitments are developed on the basis of descriptive 

criteria and therefore they involve the risk of presentation of environmental criteria without 

objectivity. The primary, immediately noticeable and measurable effects are detected by the 

developer. However, there are also negative spill - over effects, which are not easily noticeable or 

measurable and as a result not assessed [11 ]. 

For these particular reasons, practicable and objective assessment methods of environmental 
impacts have to be established, in order to define the accurate position of the construction of the 
project, which ensures its environmental compatibility [12, 13]. At this point, the contribution of a 
forest expert is crucial. A forest expert, who is responsible for the natural environment, has to 
examine before the construction of the foreseen project if there is an environmentally compatible 
area available and provide the relevant instructions [14]. Moreover, the implications of the 
implementation not only of an individual, but of a whole development project have to be assessed 
by environmental commitments as an environmental cost [15]. 

From a legal point of view, the aforesaid authorisations including environmental commitments, 
are subject to judicial review. The Greek Council of State (Ste) considers that the opening up of 
forest roads is an exceptional measure acting in the public interest. The necessity of this measure as 
well as the fulfilling of conditions of sufficient forest protection has to be adequately reasoned [16]. 

It is important to point out here that, the Greek Council of State (Ste), as far as the examination 
of environmental impact assessments (EIA) is concerned, appears in the last years very hesitant 
about the annulment of the decisions of the Minister of Environment, Energy and Climate Change 
which include EIAs and grant or refuse development consent. Straight evaluation of EIAs as well as 
their opposition to the principle of sustainable development, as pointed out by the Greek Council of 
State, are excluded from the Court’ s limits of control [17]. This is a usual manoeuvre of Greek 
Council of State anchored in its inviolable limits of control. The judge of the Council of State is not 
competent to examine if the facts presented in an EIA respond to reality. The evaluation of facts is 
only exhausted at an administrative level. The real reason for this kind of weighting between 
environmental protection and economic development is the financial crisis which plagues Greece in 
the last years. 

Similar approach of the Greek Council of State is also awaited in the case of judicial review of 
environmental commitments. This is because, in comparison to EIA, environmental commitments 
refer to projects with less harmful environmental impacts. The attitude of the Greek Council of 
State is undoubtedly encouraged by the absence of precise, analytical, identified and concrete 
environmental criteria, which should be taken into consideration by the developer. 

The proper evaluation of the environmental commitments of forest road construction 
prerequisites the objective answer to a number of specific questions by the researcher. Common 
questions, proposed by the canton of Berne [18] serve as an important guide for the improvement of 
the Greek legal framework. 
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Table 1. Questions according to the proposed work: Roads 


Data of the project essential for the developing of environmental commitments 


Purpose of the project and forecast of traffic 


Functionality of the project Which is the aim of the project (e.g. a new construction, extension 


Accompanying measures 


Traffic 


Road layout 


Area requirement 


Connection 


Technical works 
Cross section 
Water supply 

Lightning and ventilation 


Planting 


etc.)? Which are the problems solved through the construction of the 
road? Which areas are connected to the proposed project of traffic 
and which will be built up? Which is the road category planned? 
Which existing transport installations are organisationally and 
structurally subjected to interferences? Which is the timetable set 
out for the implementation of the project? 

Which is the traffic foreseen on the planned road? Which traffic 
changes are expected in the rest network? In which way does the 
overall service of the traffic change? Which kind of cargoes are 
expected? Are any implications on other means of transport (e.g. 
public transport, bicycle, aircraft) expected? 


Road layout and technical works 


Which is the road layout foreseen? Does it correspond to the 
operation of the road? Are there any other variations available? 

In which areas are reactions expected? Does the layout satisfy the 
operation of the road? 

Which is the area required for the whole project? Which uses are 
nowadays being affected? 

In which way will the planned road be connected to the rest 
transport network? Are there any changes caused to soil surface? Is 
there any permanent change of soil foreseen on account of dikes? 
Where will the used material be discarded? 

Which technical works are designed (e.g. walls, passages, tunnels, 
soils, bridges)? 

How many lanes does the road have? Does the cross section satisfy 
the operation of the road? 

In which way do technical works and slopes drain? How will storm 
water be distributed? Where will petrol stations be constructed? 

Is the lightning provided by the road adequate? In which way will 
any tunnel built be vented? 

In which way will the goal of greening of the area around the road 
be achieved? 


Subsequent infrastructure of the project and adjustments 


Water engineering works 
Adjustment of transfer 
systems 
Auxiliary installations 


Are any works for temporal or permanent water supply required? 
Are any works planned for temporal or permanent diversion of flow 
for the adjustment of the road? 

Which are the auxiliary systems foreseen (e.g. petrol stations, 
stations for rest breaks etc.)? 
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Table 2. Usual conflicts and gained experience 


Protection of the nature The construction of a new road usually affects harmfully animal, 
and landscape plant habitat and the landscape view. Such implications are caused 

by the construction itself (e.g. destruction or fragmentation of 

habitats, vision changes) as well as by the relevant circulation (e.g. 

noise, pollutants, animal movement).Therefore, the constitution of 

the landscape and the establishment of new habitats are extremely 


important. 
Agriculture The construction of a road usually opposes to the maintenance of 
agricultural land. 
Traffic The environmental impacts of the construction of a road are 


fundamentally determined by traffic. Consequently, it is an urgent 
need to forecast the traffic of the purposed road and the other 
elements affected by road network. It should be noted that more 
traffic is expected on account of new and updated connections. The 
cross section and layout of the road network should take into 
account a stable flow of traffic. 


Noise emissions Along roadsides with heavy traffic noise limits are usually 
exceeded. Therefore, traffic volume should be foreseen. 
Air pollution According to the atmospheric pollutants caused by traffic, 


NO2 emissions increase significantly at speeds above 60 km/h. 
Emissions caused by secondary materials of nitrogen oxides (ozone, 
acids) and particles of motor vehicles can also be significant. Given 
the fact that atmospheric pollutants are not confined at the street 
level, climatic and meteorological implications are often inevitable. 

Soil and water Due to permanent covering of the upper soil surface of the road, 
pollutants caused by tyre wear, exhaust gases, lead residues etc. 
cause to the environment qualitative and quantitative effects on soil 
and groundwater. 


3. RESULTS AND CONCLUSIONS 


Due to the fact that the legislative framework of environmental commitments of forest road 
construction is governed by two different pillars (environment law and forest law), it is not 
integrated, coherent and complete and as a result the protection of the environment turns out to be 
insufficient. The procedure of developing environmental commitments is descriptive and restricted 
at an administrative level. This particularly means that it is exposed at political interests served by 
the government in force. An independent expert authority, which guarantees objectivity and 
impartiality is the appropriate to take on the role of issuing authorisation for the opening up of 
forest roads. 
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Abstract 


Focusing on the marine environment, this paper will consider whether the EU’s biodiversity 
protection regime under the Habitats/Birds Directive could restrict the expansion of Offshore Wind 
Energy (hereinafter OWE) in EU marine areas. Taking into account that the Natura 2000 network 
already covers a substantial part of the EU territory and is expected to further expand -especially 
offshore- the potential rejection of OWE development proposals on ecological conservation 
grounds could compromise both the EU’s ability to fulfill its commitment under the Renewables 
Directive as well as its ambition to reach 80-95% decarbonisation by 2050. Having identified that a 
risk of constraint on the OWE programme is very likely to arise, this paper will additionally reflect 
on whether maritime spatial planning could be used as an appropriate legal response, in order to 
mitigate or even avoid potential risks of conflict between OWE development and biodiversity 
obligations. 


Keywords: renewable energy; biodiversity ; decarbonisation; Habitats Directive; maritime spatial 
planning; 


Introduction 


Being a global leader in climate action, the European Union has committed itself to achieving a 
20% reduction in greenhouse gas emissions by 2020 compared to 1990 levels [1]. Moreover, it has 
a political aspiration to move beyond this figure by 2050, aiming at 80-95% decarbonisation below 
1990 levels [2]. In reaching these rather ambitious targets, Renewable Energy Technologies 
(hereinafter: RETs) have a unique and very crucial role to play and this is something the EU is well 
aware of. As a result, it has further committed itself to a 20% share of renewable energy in gross 
energy consumption by 2020, and to this end it has adopted legislation [3] that sets mandatory 
national renewable energy targets for each member state, to ensure that the overall EU target is 
delivered. Binding national targets are expected to encourage the development and use of new 
technologies generating energy from renewable sources. Maritime wind energy presents currently a 
very promising RET, in the sense that it is capable of making a significant contribution to meeting 
both national renewable energy and climate change obligations. Considering also that the EU 
possesses abundant offshore wind resources [4], one can imagine how important a part OWE could 
have in the continent’s attempt to escape ‘carbon lock-in’. 

Barring renewable energy and carbon emissions reduction targets and political goals, the EU 
places biodiversity protection similarly high in its environmental policy agenda [5]. This is the 
reason why it established, under the Habitats and Birds Directives [6], a scheme of strict protection 
of ecologically significant species and habitats throughout Europe. This designated ‘network’ of 
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Special Areas of Conservation (SACs) and Special Protection Areas (SPAs) is likely to operate as 
the European ‘museum of nature’. The choice of the latter phrase is not accidental, since Natura 
2000 sites are intended to give shelter to natural habitat types and vulnerable species, which would 
otherwise be victimised by human activities. Therefore, any developments or other uses likely to 
impact upon a site's ability to deliver its ecological objectives need to be very carefully considered 
and, where possible, avoided. 

But what happens when a likely harmful development serves more than just political and profit 
maximising purposes? What if it forms an indispensable part of a collective effort to combat an 
alarming environmental problem (i.e. climate change) calling for urgent action? Could that be a 
sufficient justification for conservation interests to be ‘overridden’? Or are provisions aimed at 
biodiversity protection 'sacrosanct', even if such a thing implies that policies intended to tackle 
climate change will be hindered [7]? Under which circumstances does this alleged ‘conflict’ 
materialise and, to the extent that this risk of conflict does occur, how can it be addressed? 


Protecting biodiversity in EU marine areas 

Despite the undisputed regulatory value of the Birds and Habitats Directives, their influence within 
the marine environment has historically been very limited [8]. Indeed, in contrast to the creation of 
a large terrestrial network of protected species and habitats across the EU, the vast majority of 
member states have proven to be very slow in the designation of marine Natura 2000 sites [9]. 
Nevertheless, things have begun to change (relatively) recently, with the EU exhibiting a 
remarkable interest in marine environmental affairs [10]. Fully consistent with this trend, the 
advancement of the Natura 2000 network within inshore and offshore areas has been given an 
increasing emphasis. As a matter of fact, in recent years, EU Member States such as Denmark, 
Poland, Estonia, the Netherlands and Belgium have designated a significant number of marine 
Natura 2000 sites in their respective waters, with Germany being currently ahead of all by having 
designated almost 45% of its marine space as Natura sites [9, p. 375]. This move towards a greater 
engagement with marine biodiversity concerns can be justified on several grounds, the most 
important of which is the unpleasant recognition that ecosystem degradation will not be halted, 
unless some serious action is taken. The reality is that, despite EU's eagerness to prevent habitat 
and species loss, the Biodiversity Action Plan targets for 2010 were missed [11]. A report issued by 
the European Environment Agency found that only 1796 of habitats and species and 1196 of key 
ecosystems protected under EU legislation were in a favourable state in 2010 [12]. This was the 
motivation for additional measures to be adopted. As a consequence, the European Commission in 
its 3.5.2011 Communication “Our life insurance, our natural capital: an EU biodiversity strategy to 
2020' took nature conservation goals two steps further through the inclusion of a 2020 headline 
target as well as an ambitious 2050 vision [13]. 


Marine Biodiversity Protection and OWE development: a legal compromise or a deadlock? 


3.1 Introduction 

Having adopted more ambitious biodiversity and renewable energy targets than most of its 
counterparts, the EU is very likely to be an important testing-ground for potential conflicts between 
these two policies [7, p. 1197]. Bearing this in mind, two questions can be posed: 

1) To what extent does (or does not) the EU nature conservation regime obstructs the attainment 
of renewable energy legal and policy objectives? 

2) Conversely, is there a risk for biodiversity protection to be compromised, in the effort to reach 
renewable energy targets? 


3.2 Avoiding deterioration and significant disturbance 
Article 6(2) of the Habitats Directive imposes upon states a general duty to avoid the human 
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induced deterioration. and/or disturbance of the protected sites. It is in this context that 
environmentally destructive activities and practices come into picture. In fact, in its 2007 guidance 
on the establishment of the Natura 2000 network in the marine environment, the European 
Commission has cited several examples of human activities, which, if not properly handled, are 
very likely to cause deterioration and/or significant disturbance of the SAC/SPA [10, pp. 91-104]. 
Being part of that catalogue, OWE production is also expected to adversely affect the conservation 
status of the protected species and habitats, as a result of its various negative environmental 
ramifications (i.e. bird collisions, underwater noise, electromagnetic fields etc.) [14]. Should it be 
proven that the detrimental effects of a proposed OWF are capable of either deteriorating or 
significantly disturbing the individual conservation objectives of a particular SAC or SPA, it is 
incumbent upon states to take all appropriate steps to prevent this situation from occurring. This 
could involve the mitigation of the damaging impact or, where mitigation is not feasible, the 
rejection of the OWE development proposal (see art. 6 par. 3 and 4 of the Habitats Directive). 
Taking into account that offshore wind constitutes one of the most valuable renewable energy 
sources, the non-authorisation scenario could, under very specific circumstances, compromise the 
EU's ability to achieve its desired renewable energy/decarbonisation targets. 


3.3 The way to authorisation (or maybe not?) 

According to article 6(3), any plan or project ‘likely to have a significant effect’ on a Natura 2000 
site has to be made subject to an Appropriate Assessment (hereinafter: AA) of its implications for 
the site concerned. Given the magnitude of OWE installations’ negative environmental 
consequences, it will often be the case for Offshore Wind Farms (hereinafter OWFs) proposed to 
take place within or close to Natura 2000 sites to undergo an AA. In light of the conclusions of the 
AA, competent national authorities will authorise a plan/project, whenever they have established 
with certainty that it will not adversely affect the integrity of the site concerned. In other words, 
only where no reasonable scientific doubt remains as to the absence of such an effect can such an 
activity go ahead. 

The requirement for *no reasonable scientific doubt’ sets a considerably high threshold, which 
many projects (and plans) will not be able to pass [7, p. 1198]. This was the case with several 
OWFs that were initially proposed to take place within or close to SPAs. One of the most indicative 
examples is the London Array offshore wind farm [15], which is located off the coasts of Kent and 
Essex in the outer Thames Estuary SPA. Whilst phase 1 of the project was granted permission and 
development proceeded (175 turbines were installed, which covered an area of almost 40km? and 
generated up to 630MW of power) [16], phase 2 expansion plans were abandoned, because of 
concerns over their impact on the red-throated diver, a migrating seabird that overwinters in the - 
designated as an SPA- area around the wind farm [17]. As it was explained, it would have taken 
until 2017 (almost 3 years) to assess whether the impact of the additional turbines on the protected 
bird species would be acceptable [17]. Apart from the London Array case, other OWE development 
proposals that were not also given the green light, by virtue of their uncertain impacts on bird 
populations protected under the 2009/147/EC Directive, have been the Sikka I-Bajda (Malta) and 
the Cirrus Shell Flat Array (United Kingdom) offshore wind farms [18, 19]. In the former case the 
proposal was permanently aborted [20], whereas in the latter a suggestion was made for the project 
to be relocated in an area appearing to be of less ecological importance (finally, the project was 
cancelled due to aviation safety reasons) [19]. 


3.4 OWE vs. Biodiversity: the potential conflict 

Remarkably, apart from the Cirrus Shell Flat Array OWF (for which an alternative location was 
found) the other two OWF proposals fell through, following a negative assessment of their 
implications for the SPAs concerned. These cases, along with some other renewable energy 
development proposals that were not approved on biodiversity protection grounds (e.g. Vlakte van 
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de Raan OWF [21] in Belgium), seem to be setting an unwanted precedent in the promotion of 
renewable technologies, which could act as a barrier to the overall effort to halt climate change. In 
layman's terms, there is a risk that the strict nature conservation regime may lead to the withdrawal 
of many large renewable energy projects that were expected to make a significant contribution to 
the decarbonisation struggle. Although the extent of the barrier is not something we can establish 
now, it is to be recognised that, in view of the demanding future policy aspirations of the EU, a risk 
of constraint on the OWE (and Renewable Energy in general) programme is very likely to arise. 
Things become even more complex when considering that the expansion of the Natura 2000 
network (especially offshore) is very likely to take place as a meaningful response to the desired 
2020 and 2050 biodiversity goals. Given that the Natura 2000 network covers almost 1846 of the 
EU’s entire land area and ‘significant additional marine areas’ [7, p. 1199], a further increase in its 
size could, in certain cases, give rise to conflicts between overlapping, yet distinct, interests. That 
said, the anticipated designation of a substantial number of marine protected sites could inhibit the 
expected growth of the EU's OWE programme, in the sense that OWFs, proposed to be located 
within or close to SACs or SPAs, could run the risk of being rejected, after having been made 
subject to an appropriate assessment of their implications for the sites concerned. Furthermore, due 
to current technological restrictions, OWF development is confined to a limited geographical space. 
Provided that a substantial part of this space is incorporated into the Natura 2000 network, the risk 
of constraint on OWE growth becomes even more evident. Bearing in mind that the exploitation of 
offshore wind resources is expected to be on top of EU’s list of priorities towards tackling climate 
change, the potential compromise of the OWE programme could also jeopardise the longer-term 
decarbonisation vision. 


Maritime Spatial Planning: an adequate response? 
Given that the goal should be the reconciliation -and not the prioritisation- of nature conservation 
and decarbonisation policies, an approach, capable of predicting and preventing potentially 
competing interests, could be the most efficient means of achieving this. This is the case with 
integrated maritime spatial planning (hereinafter: MSP), a relatively new concept [22], which has 
attracted the attention of governmental, intergovernmental and regional institutions, environmental 
NGOs and scholars across the world. Given the anticipated rise in the number of OWFs, the 
considerable expansion of the Natura 2000 network at sea and the existence of various other 
offshore uses that require adequate siting within a finite physical space, conflicts among OWE and 
nature conservation policies will become insurmountable, unless they are a priori addressed. 

Avoiding the conflict in the first place -in a way also that does not undermine any of the 
competing interests- necessitates clear objectives and thorough planning. In this respect, MSP's 
ability to rationally organise the marine space could be of great value. Following the example of 
Germany and the Netherlands, one possible way to proceed could be to exclude OWF development 
from Natura 2000 sites [23]. This approach has the merit of keeping vulnerable marine ecosystems 
intact, while simultaneously allowing for OWE deployment in the rest of the offshore space. 
However, it is highly questionable how this is going to work in view of the expected proliferation of 
marine SACs/SPAs, in conjunction with the projected increase in the number of OWE installations. 
At this point it is important to highlight that MSP's role is not solely confined to the spatial 
distribution of marine uses. Instead, according to Douvere, MSP enables guidance of single-sector 
decisions toward holistic management of the ocean, thereby enhancing synergies and preventing 
conflicts both among uses and between uses and the marine environment [24]. Remarkably, 
Douvere seems to imply that ‘nature conservation’ does not fall under the concept of ‘uses’. Indeed, 
the debate on whether ‘nature conservation’ should be regarded as a marine use or as the major 
policy objective underlying the entire MSP process is far from over [25]. 

A possible answer could be found in the text of the MSP Directive [26]. More specifically, 
article 5(1) of the Directive states that member states shall apply an ecosystem-based approach, 
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when establishing their national marine spatial plans. As Qiu and Jones point out, a true 
'ecosystem-based MSP’ is based on the idea of hard sustainability, which, on its part, builds on the 
view that natural capital must be preserved and enhanced, because the functions it performs cannot 
be adequately replicated by man-made capital [22, p. 183]. This means that ecosystem goods and 
services form the foundation of the MSP process, and should they collapse, socioeconomic sectors 
that depend on them will inevitably collapse as well. On the other hand, most national MSP 
initiatives (e.g. Belgium, Germany, Portugal etc.) follow what Qiu and Jones describe as 
‘integrated-use MSP’, based on soft sustainability. Within this context, nature conservation is 
considered just one of the pillars upon which MSP builds - the rest being fisheries, energy, tourism, 
shipping etc. Accordingly, the main goal of the planning process is to reinforce the overall 
economic growth associated with marine sectors in a sustainable manner. Given that the soft 
sustainability concept allows for mutual compensations between natural and man-made capital, 
there is the possibility that socioeconomic development may overshadow ecosystem preservation. If 
this is the case, ecosystems goods and services might irreversibly collapse and, as a consequence, 
related socioeconomic sectors will also come to an end, leading to the replacement of soft 
sustainability by unsustainable development [25]. 

The risks inherent to integrated-use MSP make it imperative for EU member states to follow a 
holistic and integrative ecosystem-based approach when implementing their respective marine 
spatial plans. In this context, nature conservation is perceived as the overarching policy objective of 
the MSP process, and is placed above use related interests [27]. Provided that MSP is capable of 
incorporating and addressing 'changes' in marine ecosystems and human uses over time [28], 
potential conflicts among the various sector-based policies will be substantially decreased. In 
accordance, OWE deployment will be harmonised -and not at odds- with biodiversity protection. 


Conclusion 

In his essay ‘The Habitats Directive: Nature and Law’, Paul Stookes reached the conclusion that 
'there is an inherent conflict within the (Habitats) Directive between habitat and species 
conservation and improvement and the pursuit of plans and projects' [29]. Following this 
assessment of his, it is clear that two variables are determinative of the alleged conflict's magnitude: 
the need to protect and enhance biodiversity and the demand for economic and social development. 
Up until now, experience has shown that the rhetoric of nature conservation was easily ‘overridden’ 
in the face of financial and other industrial interests, as a result of the lax interpretation of the 
provisions of article 6 HD. Having acknowledged its complete failure to adequately preserve its 
natural heritage, the EU committed itself to a future of more meaningful biodiversity protection. 
However, the 'side-effects' of this aspiration could potentially become devastating for another EU 
environmental policy sector, that of climate change mitigation. Indeed, the stricter application of the 
Natura 2000 regime within a substantially expanded network of protected areas could necessitate 
the rejection of many large offshore wind —and renewable- energy development proposals, which, 
on their part, are expected to play a central role in achieving the EU's ambitious 2020 and 2050 
energy and emissions reduction targets. Being too early to conceive the full extent of this conflict, it 
is difficult to come up with the appropriate solutions of dealing with it. Given that the goal should 
be the reconciliation -and not the prioritisation- of nature conservation and decarbonisation policies, 
and that the existing regulatory mechanisms cannot be trusted in achieving this, new, unexplored (or 
less explored) regulatory tools need to be found and implemented. This has been the motivation for 
the EU to enact legislation that creates a common framework for MSP in Europe. Provided that all 
coastal member states engage in a proactive and responsible implementation of their marine spatial 
plans, following a meaningful ecosystem-based approach, potential conflicts will be avoided and 
synergies will be created both among uses and between uses and the marine environment. So far, 
MSP provides the EU with a unique opportunity to deliver sustainable governance of its marine 
areas. Whether it will succeed in this only time will tell. 
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Abstract 


Cycling as a mode of transport is a low-cost, health-improving way to travel and with 
environmental benefits for the cities that promote it. Only recently, with concerns over climate 
change and obesity, cities throughout the world are implementing policies to promote cycling, 
however, in Greece the use of bicycle is limited. In Preveza, a City in Northwestern Greece, where 
bicycle has a prominence assignment comparatively to other Greek cities, there are efforts to 
promote cycling by constructing an extensive network of bicycling facilities, implementing transit 
integration and organizing exhibitions and weekly races for cyclists. This study recorded the views 
of residents of the city of Preveza about the use of bicycle as a mean of transportation. Through the 
aid of a structured questionnaire the residents evaluate the suitability of the city for cycling, the 
existing infrastructure and appropriate education and behavior bicyclists and other drivers. Despite 
the fact that the majority of the residents have a positive opinion about the bicycle use and they 
know how to ride a bicycle, the percentage of the unhappy residents cannot be entirely ignored. 
More than half of residents use the bicycle for their transportation and state that bicycle is a cheap 
way of transport in the city. Though two third of the residents evaluate the cycling facilities of their 
city as adequate and unsafe for the young cyclists, which do not follow the code rules of transport. 
The adult cyclists on the contrary are more loyal to the code but state that the drivers do not respect 
their presence in the roads. 


Keywords: cycling infrastructure; residents’ views; cyclists’ behavior; transportation 


1. INTRODUCTION 


The transportation sector is responsible for one third of the CO; emissions with motor vehicles to be 
the main contributor of atmospheric pollution in the word [1]. Short trips with cars contribute 
disproportionately to emissions because of cold starts [2]. In Europe about 30% of trips with cars 
cover distances less than 3 km and 50% less than 50 km [3]. A good opportunity for curbing the use 
of cars is the mode shift from automobile trips using to other transportation forms, called 'active 
transportation' [4]. The most common forms of active transportation are walking and bicycling. 
According to Dekoster and Scollaert [5] 7396 of the Europeans think that bicycles should benefit 
from preferential treatment compare with cars. Interest in the bicycle is on the rise and many towns 
and cities are pursuing policies to promote its usage is increasing [6, 7]. 

For cycling, trip distance appears to play a key role [8] because distance is one of the variables 
that make sometimes the use of bicycle prohibitive for long distance travel and attractive for shorter 
routes [9]. 
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In the last two decades, bicycle has become a symbol of sustainable urban transportation, 
[10,11] with many advantages for cyclists, the society and especially for the environment [12,13]. It 
is a cheap mode of transportation with low maintenance costs [14], very flexible and relatively fast, 
it helps to reduce urban traffic congestion levels [15, 16, 3, 17, 18]. Thanks to all these advantages 
it comes as no surprise that the bicycle has come to be seen as a lifestyle choice[19] that should be 
encouraged in order to reduce the number of negative marginal effects involved in the usage of 
private automobiles [16] 

Although, it has been observed a lot of interest on promoting bicycling, especially in Canada and 
U.S, [4, 9, 13, 20, 21]. However, bicycling is underused as a transportation mean in these countries, 
concerning approximately 1-396 of the trips [6]. In some European countries as Denmark, Germany, 
Finland, Sweden and Netherlands this percentage is estimated as 10 to 27% [1, 8, 11, 22, 23, 24]. 

Unfortunately, in Greece cycling used to be a common mean of transport until the 1970’s 
whereas, the lack of safety standards have forced many people to use cars instead regarding their 
daily transportation needs. During the last years has been an effort to introduce cycling again in the 
life of people living in cities [10, 11]. 

The first cycle networks in Greek cities have already been implemented, after a long period of 
delays in comparison to other European countries [25]. Most of the studies exploring the intention 
of Greek residents to cycling are focusing in three big cities of Athens, Patras and Volos [8, 26, 27] 
and there is only one [24] that records resident's attitudes on advantages and disadvantages of 
cycling in Orestiada (a small size city without cycling net). Because bicycle is quite popular in small 
and medium size cities around the world [28] the present paper attempt to record the views of 
residents in a medium city with cycling net. Aim of this study was to explore the needs, attitudes and 
personal reflections on behaviour and demographics of cyclists and affected residents in the city of 
Preveza, Greece, and to record resident's views regarding the use of bicycle and their evaluation 
about existent infrastructure. 


2. MATERIALS AND METHODS 


2.1. Study Area 

Prevezais a town in the region of Epirus, northwestern Greece, located at the mouth of 
the Ambracian Gulf. It is the capital of the regional unit of Preveza, which is part of the region 
of Epirus. 


*Preveza 


Figure 1. Map of Greece depicting the investigation area 
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The data used in this study was gathered at the municipality of Preveza, which is located in 
northwestern Greece. It is the capital of the regional unit of Preveza, which is part of the region 
of Epirus with 22,853 residents in 2011 showed a rapid population increase by 13.7% in the last 
decade [28]. 


2.2 Research Methodology 

The research was carried out with an application of a face to face structured questionnaire. The 
research area of this paper was the city of Preveza. The sampling method used was simple random 
sampling [29, 30] 

Data were collected in 2013. The population's proportion which is also the objective estimation 
of the real population proportion p as well as the estimation of the typical error of the population sp, 
without the correction of the finite population (because the size of the sample is small), was carried 
out through the use of the formulas of simple random sampling. In order to calculate the size of the 
sample we carried out pre-sampling, with the size of the sample being 50 individuals. The size of 
the sample was estimated according to the formulas of simple random sampling (where t = 1.96 and 
e = 5%) [31] The total number of interviews was 400. 


3. RESULTS AND DISCUSSION 


3.1 Demographic profile of the respondents 

During the interviews, the residents were initially asked about their demographic profile. As shown 
in Table 1, 46% of the respondents questioned were male and 54% were female. Most of them 
(33.5%) were young (18-30 years), unmarried (47.2%) and without children (51.8%). As regards 
their profession, they were mainly self-employees (2296). or public servants (20.8%) Their 
educational level was quite high, since over 29.896 of the respondents had completed upper 
secondary school or technological education (22.2%). 


Table 1. Socio-demographic profile of the sample % 


Gender Male Female 
46% 54% 

Age 18-30 31-40 41-50 > 50 

33.5% 23.5% 23% 20% 
Marital unmarried Married divorced or widowed 
Status 47.2% 42.2% 10.5% 
Childhood without children one child two children three children more than three 

51.8% 13.5% 24.5% 7.596 2.196 
Educational Primary School Lower Secondary Technical School 
Level 3.5% 6.8% 8.2% 

Upper Secondary Technological ed. University 

29.8% 22.2% 29.5% 
Profession private employee public servants self-employed farmers or livestock farmers 

18.5% 20.8% 22% 2.2% 

pensioners Students housewives Unemployed 
5.8% 11.5% 3% 13.8% 
Annual < 5.000 € 5.001 - 10.000 € 10.001 - 15.000 € 
income 14.296 14.296 1596 
15.001 - 20.000 € » 20.000 € 
7% 6.8% 
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3.2 The bicycle use in the city of Preveza 

The city of Preveza is one of the Greek cities with bicycle net near the automobile road for over ten 
years (Figure 2). At the first part of the questionnaire the residents were asked about their attitudes 
for the usage of bicycle. According to the results the vast majority of the residents can ride bicycle. 
Almost all of them (90.5%) are positive to the usage of bicycle and 28.2% use it always, 26% often 
or sometimes (17.2%) for their mobility needs. Only 1% had negative association to the usage of 
bicycle with 17.2% never and 11.2% rarely use it, while 8.5% were indifferent. 


Figure 2. The bicycle net of Preveza 


Comparing the results on a similar research in the city of Orestiada where there isn't bicycle net, the 
views are completely different. The majority of residents (56.3%) never use bicycle for their 
transportation and 22% rarely. Only 16.8% use often bicycle and 5% always [23]. 

Bicyclists to various countries prefer moving in bicycle lanes and paths with moderate 
elevation in beautiful green landscapes without pollution and noise [33, 34]. The city of Preveza is 
combining this kind of bicycle network a part of that near the sea (in Amvrakikos gulf one of the 
most famous biotope in Greece). As regards 45.5% of the residents are of the opinion that the city 
of Preveza is absolutely suitable to bicycling for their transportation and 19.2% very suitable. 
Moderate, little or not at all characterized it 2396, 1096 and 2.296 respectively. Many studies have 
shown that cycling infrastructure is, indeed, a necessary prerequisite for the expansion of bicycle 
use [36]. 

While the bicycle is quite popular in medium sized cities around the world [27], a recent survey 
in one Greek city (Volos) found that although Greeks express a high intention to use the bicycle for 
their daily activities it is also clear that due to the lack of infrastructure residents’ are very reluctant 
to manifest this intention [25]. 

In the present study the residents of Preveza were asked to evaluate the existing bicycling 
infrastructure. Most of them evaluated as bad (40.596) and very bad (18.896) and 3296 as mediocre. 
Only 7% and 1.8% found the infrastructure as good and very good respectively. 

The lack of infrastructure is associated with the lack of safety especially for the children [34]. 
Safety in the use of bicycle especially for the children seems to bother the residents of Preveza. 
Almost the half (42.2%) found bicycling as little safe, while 24.2% say that it isn't safe at all. 23% 
they are indifferent to that attitude and only 7% and 3.5% respectively are of the opinion that 
bicycle is very or absolutely safe. 
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Besides residents of Preveza are of the opinion that young cyclists rarely (43%), never (12%), 
or sometimes (32.896) follow the transportation rules of road code. Less residents stated that young 
cyclists often (11.896) and always (0.596) follow the code in their transportation bicycling. 

The residents' attitude about car driver's behavior against cyclists is rarely frustrated to 4096, never 
to 13.2% and 34.8% state that sometimes drivers respect bicyclists on the road. Only 10% consider 
that happens often and 296 always. Similarly the residents said that most bicyclists don't follow the 
road code (sometimes 39.8% and rarely 29.2% or never 7.8%). Only about one third of them follow 
the code (20.5% often and 2.8% always). According to Vlastos et al. [24], in the city of Patras all 
cyclists (regular and occasional) have the intention to drive without following the road code. 

With regard to the question on whether the education and training tests for the young bicyclists has 
to be instituted, six to ten residents (59.2%) replied positively and 40.8% negatively. In similar 
research to the city of Orestiada half of them agree with that attitude [23]. 

The use or not of bicycle is related with the residents’ behavior to their natural and social 
environment regarding their daily transportation [1]. Regarding the question on how the usage of 
bicycle of other residents can affect to their own decision to use it, 72.596 was positive and 27.596 
negative. 


3.3. Distance of the trip to use bicycle 

Accordig to Dekoster and Scollaert 3096 of the trips in the car cover distances of less than 3km [6]. 
For cycling trip distance appears to play a key role [8]. Regarding the question on the lower 
distance is need for the use of car or motor bike most residents stated distances more than 3km, 
while 27.896 of the residents stated distance more than 1.5 km and 37.296 of them for more than 
2km (Table 2). 


Table 2. What is the lower distance to use car or motor bike? 


Distance Percent Cumulative percent 
always 16.5% 16.5% 
100 m 0.2% 16.8% 
300 m 0.2% 17.0% 
500 m 1.2% 18.2% 

1Km 4.8% 23.0% 
1,5 Km 4.8% 27.8% 
2Km 9.5% 37.2% 
3 Km 13.0% 50.2% 
4Km 9.5% 59.8% 
5 Km 40.2% 100.0% 


Bicycle is a very cheap mode of transportation with low maintenance costs [14]. The benefits of 
investments in cycling infrastructure estimated 4—5 times greater than the costs and concluded that 
such investments are more beneficial to society than automobile-related transport investments [21]. 
The residents of Preveza had also of the same opinion. A great majority of them characterize 
bicycling as very cheap (40.896) or cheap (36.296), with few found it very expensive (1.896) and 
expensive (4%) and 17.2% were of the opinion that cycling is either expensive or cheap mode of 
transportation. 
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4. CONCLUSIONS -PROPOSALS 


The city of Preveza is one of the Greek cities that bicycle is popular mode of transportation. The 
results of the present study showed that the vast majority of the residents can ride bicycle and they 
have positive view for bicycle. More than half of them use it always or often for their daily trans- 
portation. On the contrary the residents of Orestiada [23] never of rarely use bicycle. These results 
were similar to that found for all Greek cities according to Dekoster and Scollaert [6], where 7.5% of 
the residents are regular and only 1.8% occasional cyclists. Thus, it can be concluded that the usage of 
bicycle in Preveza is more like Danish cyclists with 50.1% regular cyclists and 8% occasional. 

Preveza is a city with moderate elevation and beautiful green landscapes suitable or very 
suitable for cycling according to the majority of the residents. Although, they evaluate the existing 
infrastructure as bad or very bad. This lack of infrastructure is associated with less safety especially 
for children [36]. The residents found the use of bicycling little of not at all safe especially for the 
children because especially young cyclists only rarely or sometimes follow the high way code. 
Besides, most of the drivers do not respect cyclists on the road. A good way to change the current 
situation is to consecrate the training tests to young cyclists. 

The usage of bicycles from other residents affect positive to their own decision to use it. And 
because distances play an important role to use cars or bikes [8] most of the residents state that 
distance more 2km is deterrent to the use of bicycle. 

There are many ways that bicycle usage can be encouraged, including the building of an 
extensive bicycle network. Another proposal is the possibility is to develop a public network of 
single-use hire bicycle stations for one-way trips. This policy has good results in recent years to 
many European countries thanks to the development of smart bicycles [23] which have reduced the 
threat of theft and vandalism, which are two of the greatest risks to bicycle usage development. 


References 

[1] Aldred, R., 2010. On the outside: constructing cycling citizenship. Social and Cultural Geography, 11(1), 
35-52. 

[2] Unger, N., Bond, C., Wang, S., Koch, M., Menon, S., Shindell, T. and Bauer, S., 2010. Attribution of 
climatic forcing to economic sectors. Proccedings of the National Academy of Science, 107, 3382-3387. 

[3] Nazelle, A., Morton, B., Jerrett, M. and Crawford-Brown, D. (2010). Short trips: An opportunity for reducing 
mobile-source emissions? Transportation Research Part D, 15, 451-457. 

[4] Teschke, K., Brubacher, J., Friedman, S., Cripton, P., Harris, A., Reynolds, C., Shen, H., Monro, M., Hunte, 
G., Chipman, M., Cusimano, M., Smith Lea, N., Babul S., and Winters, M., 2012. Personal and trip 
characteristics associated with safety equipment use by injured adult bicyclists: a cross-sectional study, BMC 
Public Health, 12, 765. 

[5] Lumb, P. (2012). Cycling, walking and biodiversity: occupying urban landscapes. Proceedings of the Fourth 
Austalian Cycling Conference 16-17 January, pp. 107-119. 

[6] Dekoster, J., Scollaert, U., 1999. Cycling: The way ahead for towns and cities. European Commission, 
Luxemburg. 

[7] Martens, K., 2007. Promoting bike and ride: the Dutch experience. Transportation Research A, 41 (4), 326- 
338. 

[8] Milakis, D., 2015.Will Greeks Cycle? Exploring Intention and Attitudes in the Case of the New Bicycle 
Network of Patras. International Journal of Sustainable Trasportation 9, 321-334. 

[9] Guinn, M.J., Stangl, P., 2014. Pedestrian and bicyclist motivation: an assessment of influences on 
pedestrians’ and bicyclists’ mode choice in Mt. Pleasant, Vancouver. Urban, Planning and Transport 
Research: An Open Access Journal, 2(1), 105—125. 

[10] Milani Medeiros, R. Duarte, F., 2014. Policy to promote bicycle use or bicycle to promote politicians? Bicycles 
in the imagery of urban mobility in Brazil. Urban, Planning and Transport Research, 1(1), 28-39. 

[11] Sick Nielsen A.T., Skov-Petersen H., Carstensen, A.T. 2013. Urban planning practices for bikeable cities — 
the case of Copenhagen. Urban Research & Practice: 6, 110-115. 

[12] Chapman, L., 2007. Transport and climate change: a review. Journal of Transport Geography, 15 (5), 354— 
367. 


790 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


[13] Handy, S., Van Wee, B., Kroesen, M., 2014. Promoting Cycling for transport: Research Needs and 
Challenges. Transport Reviews, 34, 4-24. 

[14] Horton, D., 2006. Environmentalism and the bicycle. Environmental Politics, 15, 41—58. 

[15] Hopkinson, P. and Wardman, M., 1996. Evaluating the demand for new cycle facilities. Transport Policy, 3, 
241—249. 

[16] Castillo-Manzano I.J., Sanchez-Braza, A., 2013. Can anyone hate the bicycle? The hunt for an optimal local 
transportation policy to encourage bicycle usage transportation policy to encourage bicycle usage. 
Environmental Politics, 22(6), 1010- 1028. 

[17] Tight, M., Timms, P., Banister, D., Bowmaker, J., Copas, J., Day, A. 2011. Visions for a walking and cycling 
focused urban transport system. Journal of Transport Geography, 19(6), 1580-1589. 

[18] Jappinen, S., Toivonen, T., Salonen, M., 2013. Modelling the potential effect of shared bicycles on public 
transport travel times in Greater Elsinki: An open data approach. Applied Geography, 43, 13-24. 

[19] Horton, D., 2007. Fear of cycling. In: D. Horton, P. Rosen and P. Cox, eds. Cycling and society. Aldershot: 
Ashgate Publishing Ltd, 133-152. 

[20] Su, J., Winters, M., Nunes, M., Brauer, M., (2010).Designing a route planner to facilitate and promote 
cycling in Metro Vancouver, Canada. Transportation Research Part A 44: 495-505 

[21] Pucher, J. and Buehler, R., 2005. Cycling trends and policies in Canadian cities. World Transport Policy and 
Practice, 11 (1), 43-61. 

[22] Pucher, J., Buehler, R., 2008. Making Cycling Irresistible: Lessons from The Netherlands, Denmark and 
Germany. Transport Reviews, 28 (4), 495-528. 

[23] Tampakis, S., Karanikola, P., Tsantopoulos, G., Andrea, V., Antipa, N.M., Paroni, D.V., 2013. Exploring the 
positive and negative impacts of bicycling in the city of Orestiada, Greece. Virtual International Conference 
on Advanced Research in Scientific Areas (ARSA-2013) Slovakia, 2 - 6 December 2013, 346-350. 

[24] Vlastos, T., Milakis, D., Athanasopoulos, A., 2005. The Research for Cycling in Greece. Methodology of 
Planning, Infrastructure Standards and a Typology of Design Solutions. /5th International Velo-City 
Conference, Dublin, 31 May - 3 June 2005. 

[25] Papavasileiou, C., Milakis, D., Vlastos T., 2010. Car dependence or appetence? Examination of attitudes 
towards sustainable mobility in the Greek case. Proceedings of the 12th World Conference on Transport. 
Research, Lisbon, Portugal, July 2010. 

[26] Vlastos T., Milakis, D., 2003. Planning of a cycling network in a Greek city according to geometrical 
criteria. The case of Moschato", Tech. Chron. Science Journal, TCG, I, 2003, (1-2), 35-46. 

[27] Milakis D., Athanasopoulos, K., 2014. What about people in cycle network planning? Applying 
participative multicriteria GIS analysis in the case of the Athens metropolitan cycle network. Journal of 
Transport Geography, 35,120-129. 

[28] Hellenic Statistical Authority 2011.  http://www.statistics.gr/portal/page/portal/ES Y E/BUCKET/General/ 
resident_population_census201 lrev.xls (Accessed 1-2-2016). 

[29] Meyerhoff, J., Liebe, U., Hartje, V., 2009. Benefits of biodiversity enhancement of nature-oriented 
silviculture: Evidence from two choice experiments in Germany. Journal of Forest Economics, 15, 37-58. 

[30] Hoyos, D., 2010. The state of the art of environmental valuation with discrete choice experiments. 
Ecological Economics, 69, 1595-1603. 

[31] Pagano M., Gauvreau, K., 2000. Elements of Biostatistics. Ellin Publications, Athens. 

[32] Winters, M., Davidson, G., Pearce, C., Teschke, K., 2007. Cycling in Cities — Understanding people, 
neighbourhoods and infrastructure to guide urban design for active transportation. 45th International Making 
Cities Livable Conference, Portland, OR, June 10-14, 2007. 

[33] Winters, M. Brauer, M., Setto E.M., Teschke, K., 2013. Mapping bike ability: a spatial tool to support 
sustainable travel, Environment and Planning B: Planning and Design, 40(5), 865- 883. 

[34] Pucher, J., Buehler R., Seinen, M., 2011. Bicycling renaissance in North America? An update and reappraisal 
of cycling trends and policies. Transport Research Part A, 45, 451-475. 

[35] Buehler, R., Pucher, J., 2012. Cycling to work in 90 large American cities: new evidence on the role of 
bike paths and lanes. Transportation, 39, 409—432. 

[36] Reynolds, C., Winters, M., Ries, F. and Gouge, B. 2010. Active Transportation in Urban Areas: Exploring 
Health Benefits and Risks. Evidence review, June 2010. 


13" International Conference on Protection and Restoration of the Environment 791 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


Sustainable Architecture, 
Planning and Development 


PROTECTION 
iA AND 
RESTORATION 
EU OF THE 

S ENVIRONMENT 

XIII 


al 
3 Ü 


Proposal for a historic-cultural accessible route 
in the Historic Centre of Faro city as an opportunity 
for sustainable urban planning 


S. Silva Costa, T. Panagopoulos” 


Research Center for Spatial and Organizational Dynamics (CIEO), University of Algarve, 
Gambelas Campus, 8000 Faro, Portugal 
* Corresponding author: Email: tpanago@ualg.pt 


Abstract 


Europe's historical cities are renowned worldwide for their beauty, diversity and historical 
significance. Millions of people visit them every year but many others do not have this opportunity 
due to physical barriers and inadequate services that can prevent people with sensory or physical 
disabilities from accessing them. Current tendencies worldwide indicate that culture and tourism 
will play a significant role in the future of the European cities. Although trends differ between 
countries, populations of nearly all developed countries are ageing, which will increase the 
challenges of disability rates in elderly people and therefore will have a fundamental effect on 
sustainability of modern society. Local governments must acquire new knowledge to manage 
diverse and multicultural cities with ageing population. This study proposes a technical, formal and 
aesthetic solution that respect the spirit of place and is integrated at the Plans of Accessibility and 
Pedestrian Mobility of the city or region. It proposes solutions to discipline traffic and car parking, 
its coexistence with pedestrian, traffic calming measures, exclusively pedestrian streets, removal of 
architectural and urban barriers, improvement in public transport offer and promotion of 
multifunctional spaces. The proposal for a historic-cultural accessible route in the historic centre 
Vila Adentro is an opportunity for Faro sustainable planning, contributing to the affirmation of its 
centrality and an opportunity for rehabilitation of public spaces, improving their accessibility and 
mobility, making it more appealing and inviting, attracting and generating the most varied kind of 
experiences and opposing the abandonment process and degradation that had suffered in recent 
decades. 


Keywords: accessibility and mobility; historic city center; ageing; urban planning 


1. INTRODUCTION 


The historic centres have suffered different pressures with urban sprawl which has been verified in 
recent decades, resulting in the abandonment and consequent degradation of some of its public 
spaces and buildings. After years of degradation, the historical areas aroused in the interest of the 
population in general, and especially because of the tourism potential. This new paradigm took 
place mainly by the fact that these areas are considered 'the most representative pieces of the urban 
fabric and constitute a symbolic space that identify, distinguish and give identity to the cities' [1]. 
One of the main conflicts typical of already consolidated urban areas is the lack of accessibility, 
enhanced by problems such as road traffic in narrow roads unsuitable for the use of private car, the 
characteristics of the road network and urban morphology (narrow streets and shortage of public 
space) [2]. The resolution of these problems is the key to the rehabilitation of these central areas. 
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The perspectives of exclusion of mobility are enormous challenges to the future planning of 
cities, taking into account that the city should be designed including the concepts of accessibility 
and urban mobility, discarding the idea of elimination of a simple barrier, giving rise to a system of 
continuity [3,4]. However, particular sections of society such as the ageing population, the disabled 
and minority groups may not have the same opportunities and access the old city centers that more 
affluent sections of society enjoy. To understand why, researchers have turned to the perspective of 
environmental justice [5]. ‘Social justice refers to the principles, values and belief that every 
individual and group is entitled to fair and equal treatment, which is necessary for the achievement 
of a society in which all people have equal access to rights, not only under law, but in all aspects of 
life, and all people get an impartial share of the benefits as well as carry a fair share of the 
responsibilities of society' [6,4]. 

The "imobilitys" that draw the urban territories constitute a problem for the sustainable 
development of cities, and it is urgent that the accessibility and mobility for all is a factor to be 
taken into account in the planning, development and management in different scales (national, 
regional and local) [7]. So, a historic centre integrated in a city with a balanced mobility, connected 
by an accessible pedestrian network, allows to oppose the current patterns of urban growth 
dispersed based on the vehicle domain. It is in this sense that the concern facing the issues of 
accessibility and mobility in historical areas, has gained some relevance within the urban planning, 
contributing to the readability of public space and for the enhancement of the existing heritage. 
Objective of this study is to propose a technical, formal and aesthetic solution that respect the spirit 
of place, opposes the abandonment process and degradation that had suffered in recent decades and 
is integrated at the Plans of Accessibility and Pedestrian Mobility of the city of Faro, Portugal. 


2. MATERIALS AND METHODS 


2.1 Study area 

The historical centre is the heart of the city of Faro and coincides with the city's oldest urban area, 
which is made up of three historical nuclei: the Vila Adentro, the Mouraria and the Bairro 
Ribeirinho. The study area is confined to the perimeter of the Vila Adentro and its surroundings 
(figure 1). The Vila Adentro assumes, in the context of the city, a historical-cultural significance 
beyond question, for its organized built form and set elements that remain intact in the face of 
requests that threaten the rest of the city [8]. It has an environment of exception, due to the nature of 
public space and the quality of buildings (including two of the three buildings in the municipality, 
classified as national monuments) and is still the area with greater definition of its boundaries, due 
to walled belt. This historical nuclei strengthens its uniqueness by direct contact with the Natural 
Park of Ria Formosa (wetlands). 


2.1 Collection and analysis of information 

This step helped clarify concepts and aspects that serve as a basis for understanding and theoretical 
framework of the proposal. The collection of information was supported in research and 
interpretation of bibliographic and iconographic sources about: accessibility and mobility in 
historical centres; its importance and its absence as one of the main factors which contribute to their 
degradation/abandonment; the problems in these situations as well as solutions and strategies of 
urban rehabilitation, urban regeneration. 
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Figure 1. Delimitation of the study area Vila Adentro (background from Google Earth). 


2.2 Characterization of the study area 

A characterization of the area of study was done analyzing different materials and existing realities 
in the study area. Bibliographical interpretation about its genesis and evolution and background or 
studies already carried out; visits/fieldwork; photographic survey of existing situations; inventory of 
the types of problems/barriers identified; production of schematic drawn pieces (in different scales) 
assisted in the interpretation of the conclusions about analysis and characterization. The spatial 
configuration was one of most important schematic drawings because provided useful information 
about the best routes and streets in the old city to reach to public space from the point of view of 
quality in the accessibility [9]. 

Through the adopted methodology it was possible to identify and raise questions related to their 
current situation, including its biophysical and cultural characterization, their potential/opportunities 
and problems/risks. And through the collected elements have been possible a synthesis of the 
analysis and characterization of the study area and the development of a SWOT analysis (Table 1) 
which brings together all relevant aspects. 


2.3 Proposal 
The proposal was developed at the level of the conceptual Master plan and represented through 
drawn pieces, which reflect all aspects collected and analyzed in a design drawing. Some of the 
proposals that were already approved by the City Council were also considered. The proposal was 
also supported by a concept and strategy(s), which, along with the analysis and characterization of 
space, justify the choices made. 

At this stage it was necessary to approach the area of intervention in two different scales, a first 
that represented the proposal in its entirety and a second that represented different areas of 
intervention thus allowing phase the proposal according to its priority. 
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Tablel. SWOT analysis of the study area 


Internal factors 


Strengths 
-Central geographic location; 
-Intramural Area with free access to the 
pedestrian; 
-Monumental character and Strong asset value; 
-Urban Structure that provides some urban 
public spaces (squares) with considerable 
dimensions for the realization of activity and 
events; 
-Existence of cultural equipment; 
-Existence of archaeological remains (e.g. 
Roman Forum in Largo da Sé) 
-Environmental Quality without visible 
degradation; 
-Landscape with excellent panoramic views to 
the Ria Formosa and to the docks; 
-Appearance of small restaurants with quality; 
-Existence of public parks and a linear garden 
near the walls, which contribute to the drainage 
and water infiltration in the intramural area; 
-Proximity to main hotel equipment; 
-Proximity to major stations of collective 
transport; 


Weaknesses 
-Decline and ageing of the population; 
-Inability to investment on the part of the 
residents; 
-Preference in public and religious services 
installation; 
-Absence of equipment to support residents and 
users; 
-Degradation of some buildings and pavements 
in public space; 
-Squares and streets dominated by traffic and car 
parking — gives rise to conflicts and discourages 
pedestrian circulation; 
-Rudimentary green structure — absence of 
vegetation in the streets; 
-Night insecurity; 
-Physical barrier caused by railroad, which 
breaks the physical links between the city and 
the Ria Formosa; 


External factors 


Opportunities 
-Initiatives to revitalize the monumental 
character and heritage value; 
-Buildings and spaces available for new uses; 
-Benefits and tax breaks to owners; 


3. RESULTS AND DISCUSSION 


3.1 Programme and concept 


Threats 
-Economic crisis and reduced ability of public 
and private investment; 
-Large area of archaeological sensitivity; 
-Tendency of depopulation and population 
ageing; 
-Proximity to the railroad; 


The intervention was carried out in spaces already consolidated, so the program was previously set 
and the proposal gave response to the accessibility and mobility problems identified and to 
obstacles of recreational and leisure functions spaces provide. Formalizing in a Master plan, some 
of the intentions and existing functions, such as the walking routes, road routes and parking areas, 
rest areas, multifunctional spaces for events and activities and designing the path for bikes and 
pedestrian, was another of the purposes of this proposal. However this proposal respects the 
multifunctionality that characterize the study area, which allows easy adaptability to different 
realities. This way it was avoided a design directed specifically to a single function and 
consequently it was minimized the possibility of these spaces become uninteresting or obsolete. 
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The concept that structure the proposal consists of a Historical-Cultural Accessible Route, 
which connects all the spaces and buildings of interest, having as reference 4 main points of access 
to the Vila Adentro, the 4 Doors: Arco da Vila, Porta Nova, Porta do Castelo and Arco do Repouso. 
The name of the route is known as the Route of the 4 doors and is represented in figure 2. 
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Figure 2. Route of the 4 Doors, schematic drawing of the intervention concept. 


3.2 Strategies 


The strategies that support the Route of the 4 Doors and structure the proposal consist of: 


Increase the area allocated to soft modes: optimization of pedestrian flows through the creation 


of an accessible route, reducing the area devoted to motor traffic, increasing and formalization of 


the bike path and walking routes — in order to comply with the ground level of buildings; 


Functional restructuring of small squares and open public space, through the design of 


pedestrian areas and allocation of urban furniture to support activities; 


Enhancing city resilience to climate change by means of ecosystem services improvement with 


the increase of permeable areas and thermal comfort through the introduction of autochthonous 
vegetation and permeable materials, taking into account the criteria of the space, the historical- 


cultural urban character and the comfort of its users [8]; 


Organization of the infrastructure and street furniture to enhance environmental quality and 


human well-being [10]; 


With those strategies it was enviosioned to make the historic centre aproachable to the citizens. 
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3.3 Proposal of intervention 
The proposal of the Historical-Cultural Accessible Route is parallel to the whole area of 
intervention and considers an organization of road flows and pedestrian flows [11]. This new route 
was only considered where it would not damage significant fabric or character of Vila Adentro and 
a few management solutions was able to eliminate or reduce the need for great physical 
interventions [12]. 

The accessible route of the 4 Doors is equipped by informational boards with the same design 
of plates proposed by the City Council, for placement in buildings classified as historical (figure 3). 


Figure 3. Example of informational plate for the Route of the 4 doors. 


The Porta Nova is one of the most strategic access to the intramural area due to its proximity to the 
boat boarding point. As such, and due to the conflicts car versus pedestrian and the large number of 
architectural and urban barriers, it was proposed to put this whole area at the same height of the 
existing rides. The link to the Largo da Sé, made through the Porta Nova Street, was established 
through a pedestrian accessible channel with 1.50 m wide, in limestone slabs (figure 4). The 
pedestrian accessible channel is a proposal used in every street of Vila Adentro with these features, 
this way all the constructive elements and their visual integrity were preserved, ensuring at the same 
time the pedestrian accessibility. 


Figure 4. Before and after the proposal of intervention at the Porta Nova Street. 
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Repairing degraded pavements was another proposal to the whole intervention area, 
maintaining the integrity of the built heritage and preserving the existing permeable areas [13,14]. 
Example of this case is the linear Garden of Walls, where after the intervention was guaranteed a 
corridor with accessible semipermeable or permeable materials (e.g. porous concrete), that respect 
the environment provided by walls (figure 5). 


Figure 5. Before and after the proposal of intervention at the Garden of Walls, 
near the Sao Francisco square. 


In the most sensitive areas to the level of conflict between the automobile and pedestrian areas 
were proposed areas with the same height in all of its extension, avoiding gaps created by curbs and 
providing the priority of the pedestrian over the car [15]. In figure 6 can be seen an example of this 
proposal for the main accesses to the Vila Adentro at the Arco do Repouso. 


Figure 6. Before and after the proposal of intervention at the Arco do Repouso. 


In relation to vegetation and thermal comfort of the public space, the biggest challenge focused 
on the Riverside Walk of Faro, which recently due to a plague lost its tree alignment, with tropical 
origin (Palm Trees). The replacement of the green corridor in this area with great intensity of 
sunlight in the afternoon was inevitable. This proposal was given preference to the choice of trees 
of the local flora, well adapted to the region's climate and greater disease resistance capacity. The 
other squares in the study area have tree alignment (e.g. Citrus Tree) well adapted to the volumes 
and morphology of the built heritage, as well to the clime. And much of the flow of rain water 
occurs in the private parts of the building such as patios, gardens and courtyards, which are the 
‘Green Lung’ of the Vila Adentro. In figure 7 these green spots can be seen. 
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Figure 7. Aenal photography of Vila Adentro and ES Pe www.rotasturisticas. com) 


4. CONCLUSIONS 


The streets and squares structure of Vila Adentro allowed very few challenges in terms of 
readability of public space. Financial constrains requiring a project with not very ambitious 
proposals was a limitation of the study. However, the greatest challenges on accessibility and 
mobility, were identified critical areas that were not respecting the current legislation. Also, there 
was a Slight disorganization of the road traffic and parking, which harms the soft modes, but these 
problems were insignificant compared to other historical centres with the same characteristics. It 
was found that the architectural and urban barriers were the biggest physical obstacles. These 
factors combined with the current economic crisis of the country and the shortage of human 
resources, has allowed to develop simple minimalistic and easy to perform proposal, which 
somehow facilitates interventions and speeds up the approval process of the work. The fact that the 
proposals were simple became an opportunity to preserve the existing tracing of urban design, 
making visible in the new proposals the layers of time in the public space of old town. This way, the 
heritage of public space and its construction processes were preserved. 

It is expected that despite this proposal solve some of the existing problems in the Vila 
Adentro, there is still much that can and should be done, not only in the old town but also in relation 
to its links with the rest of the city. The proposal of the Route of the 4 Doors at this preliminary 
design phase of conceptual design and feasibility study, provides a means and not an end. The 
following development phase of Master Plan may undergo some changes due to the need for public 
hearing in a process of public participation. Public participation takes into account the views of 
users of space, adapting the project to their needs [16], which makes this a very important process 
for the following stages and will be the aim of future reasearch. 


References 

[1] Sáez, C. C. 2009. La Ciudad para el peatón: las ciudades históricas en la movilidad urbana. Ingenieria y 
Territorio: movilidad urbana. 86, 58—67. 

[2] Puebla, J. G. 1995. Movilidad, Medio Ambiente y Patrimonio Histórico-Artístico en las Ciudades Históricas. 
Anales de Geografía de la Universidad Complutense. 15, 375—381. 

[3] Portas, N. 1981. Velhos centros vida nova. In Os Tempos das Formas, volume I: A Cidade Feita e Refeita. 
Guimaráes: Universidade do Minho, p. 155-170. 

[4] Zanirato, S. H. 2008. Mobilidade nas Cidades Históricas e a Proteção do Patrimonio Cultural. Revista Eletrónica 
de Turismo Cultural. 02:02, p. 1-16. 

[5] Byrne J., Wolch J., Zhang J. 2009. Planning for environmental justice in na urban national park. Journal of 
Environmental Planning and Mangement, 52, 365-392. 


802 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


[6] United Nations, 2009. Creating an inclusive society: practical strategies to promote social integration. 
Department of Economic and Social Affairs, New York. 

[7] Teles, P. 2015. A Cidade das (I)mobilidades: Manual Técnico de Acessibilidades e Mobilidades para Todos. 
Mobilidade e Planeamento do Território, Lisbon. 

[8] Berte, E. Panagopoulos, T. 2014. Enhancing city resilience to climate change by means of ecosystem services 
improvement: A SWOT analysis for the city of Faro, Portugal. International Journal of Urban Sustainable 
Development, 6, 241-253. 

[9] Talav Era, R. 2012. Improving pedestrian accessibility to public space through space syntax analysis. Eight 
International Space Syntax Symposium. PUC. Santiago. 

[10] Panagopoulos, T., Duque, J.A.G., Dan, M.B. 2016. Urban planning with respect to environmental quality and 
human well-being. Environmental Pollution, 208: 137-144. 

[11] CMF. 2011. Conversão da Área Crítica de Recuperação e Reconversdo Urbanística em Área de Reabilitação 
Urbana — Vila Adentro do Centro Histórico de Faro. Municipility of Faro, Faro. 

[12] Shaffrey Associates Architects and Fionnuala Rogerson Architects. 2011. Access improving the accessibility of 
historic buildings and places. In DONNELLY, Jacqui (Ed.) — Advice Series. Ireland: Government of Ireland. 

[13] Kaymaz, I. 2013. Urban Landscapes and Identity. In ÖZYAVUZ, Murat (Ed.) - Advances in Landscape 
Architecture. Turkey: InTech, p. 739—760. 

[14] LTNZ, Land Transport New Zealand. 2007. Pedestrian Planning and Design Guide. Wellington, New Zealand. 

[15] Ribeiro, S.B. 2014. Mobilidade e Acessibilidade Urbana em Centros Históricos. IPHAN, Brasília, Brazil. 

[16] Ribeiro, G.B., Martins, L.B., Monteiro C.M.G. 2012. Methodological proceedings to evaluate the physical 
accessibility in urban historic sites. 18" World congress on Ergonomics — Designing a sustainable future. Work, 
41: supplement 1, 4149-4156. 


13" International Conference on Protection and Restoration of the Environment 803 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


Environmental research regarding comfort conditions and 
microclimate in urban open spaces 


P. Kosmopoulos , K. Michalopoulou 


Laboratory of Environmental and Energy Efficient Design of Buildings and Settlements, 
Democritus University of Thrace, 67100, Xanthi, Greece. 
* Corresponding author: Email: pkosmos G env.duth.gr 


Abstract 


This study aims at measuring the effect of design parameters of outdoor urban spaces to the 
microclimate and the comfort conditions, by taking into account each parameter of the 
microclimate, doing a comparative analysis between them, and drawing conclusions, for five 
different outdoor urban spaces and in all four seasons. Taking into account the analysis of the 
design parameters and the effects of design interventions to the microclimate, it focuses on thermal 
indices expressing the conditions of thermal comfort of pedestrians outdoors. 

The survey was conducted in five open spaces in the city of Kastoria, south oriented, which had 
the same relief, but varied in the coating materials, and therefore the measurement results were 
comparable. 

As part of the survey, a series of field measurements of environmental parameters took place. 
Specifically measured were the air temperatures, surface temperatures, blackball and wet bulb 
temperatures, the relative humidity, wind speed and solar radiation, incident and reflected. 
Measurements were made in all four seasons of the year and in particular the periods: summer 12- 
17 July, autumn 20-25 October, winter 22-28 December and spring 16-21 April. The aim was to 
draw conclusions about the impact of materials in the forming of temperatures: surface, air, black 
ball and wet bulb, and the forming of the surface temperature, relative to the incident and reflected 
radiation. It should be noted that the field measurements in open spaces, were made with portable 
instruments and not by automatically recording machines which, as known, operate without the 
direct control of the researcher, thus ensuring direct control of the results and thoroughness of the 
measurements. Moreover questioners for the subjective responses have been collected. 

In conclusion, it is shown that the replacement of hard materials with perforated materials or 
grass, greatly improves the thermal comfort conditions, while it appears that the planting of large 
trees, deciduous with rich top, significantly improves the thermal comfort conditions during the day. 
The survey results show clearly with numerical data the temperature variation in the open spaces, 
and over different coating materials, the diversification of thermal conditions in these areas, by 
linking them with thermal indices during the day, at different time periods. Also noted and 
documented with field measurement data and the results of simulations, is the negative effect of 
highly reflective surfaces of the open spaces in thermal comfort conditions, mainly during the effect 
of solar radiation. 


Keywords: comfort conditions; microclimate; open urban spaces. 


1. INTRODUCTION 


This study attempts to benchmark the effect of design parameters of outdoor urban spaces to the 
microclimate and the comfort conditions, by taking into account parameters of the microclimate, 
doing a comparative analysis between them, and drawing conclusions, for five different outdoor 
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urban spaces and in all four seasons. It also focuses on thermal indices expressing the conditions of 
thermal comfort of pedestrians outdoors. 

The survey was conducted in five open spaces in the city of Kastoria, south oriented. The 
spaces selected for the field survey were selected to be approximately in the same area within the 
urban web, with as similar characteristics as possible in terms of orientation and relief, while the 
differences focus on the coating materials, the quality and quantity of green, and the use of space. 
Therefore the measurement results were comparable. 

As part of the survey, a series of field measurements of environmental parameters took place. 
Specifically measured were the air temperatures, surface temperatures, blackball and wet bulb 
temperatures, the relative humidity, wind speed and solar radiation, incident and reflected. 
Measurements were made in all four seasons of the year. 

The aim was to draw conclusions about the impact of materials in the forming of temperatures: 
surface, air, ball and wet bulb, and the forming of the surface temperature, relative to the incident 
and reflected radiation [1]. It should be noted that the field measurements in open spaces, were 
made with portable instruments and not by automatically recording machines which, as known, 
operate without the direct control of the researcher. 

In order to estimate the thermal comfort conditions in the outdoor areas studied, questionnaires 
were distributed, which asked users of the open spaces to reply during the summer and winter, to 
questions about the perceived by them thermal environment, to determine the degree of thermal 
comfort and to suggest ways to improve comfort conditions in those spaces. Moreover, simulation 
models were used to study the thermal comfort in the measurement areas, using data from the 
measurements for all four periods of measurements [2]. 

As a result, the survey was completed with the combination of the data from the field 
measurements, the questionnaires and the simulation models. Subsequently, experimental 
interventions with changes in the coating materials in the subject areas are proposed, through 
simulations, and the results of the analysis of the effect of these on the microclimate and the thermal 
conditions in the open spaces are described. 

In conclusion, it is shown that the replacement of hard materials with perforated materials or 
grass, greatly improves the thermal comfort conditions, while it appears that the planting of large 
trees, deciduous with rich top, significantly improves the thermal comfort conditions during the day. 


2. EXPERIMENTAL RESEARCH (THE FIELD STUDY) 


The aims of the present study are: 

e The research regarding the interrelationship between urban morphology and urban 
macroclimate 

e The study of parameters that affect the urban microclimate 

e The study of thermal comfort conditions in relation to morphological and microclimatic aspects 
(software) 

e The analysis of the thermal comfort conditions of the people in urban open spaces 

* The comparative study of the design aspects and how they affect the urban microclimate and 
comfort conditions 

e The study of how covering materials affect the urban microclimate 


The important data of the paper are the following: 
e The experimental research regarding basic parameters on site, of five urban open spaces of 
different use, and different covering materials and different existence of green (grass and trees) 
e The research, evaluation and comparison of the results that have been collected during the four 
seasons of the year 
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* On site measurements at urban open spaces, with portable instruments, regarding: 

e surface materials temperature, air temperature, black ball temperature, W.B.T., incident and 
reflected solar radiation, air velocity, and relative humidity 

e The evaluation of how the above parameters affect the thermal conditions, and afterwards, how 
the proposed interventions ameliorate the conditions through the use of appropriate software 

e At the same time, evaluation and comparative study of the results that came out of the 
questionnaires filled in by the users of the specific spaces 

Methodology and Measurements of the experimental procedures include: 

The research has been carried out in Kastoria city, in northern Greece, during the four seasons 
of a whole year, covering five central open spaces (squares, parks) of the city. For seven days per 
winter, spring, summer and autumn, three times a day (morning, noon and afternoon) at five 
specific points of each place, the following parameters have been investigated: air temperature, 
relative humidity, air velocity, black ball temperature, and incident and reflected solar radiance on 
specific materials and surfaces with the appropriate portable measurement. The data gathered have 
been elaborated by appropriate software in order to come to fruitful conclusions. 

Parallel to the measurements, during all phaces, questionnaires regarding the subjective 
comfort conditions have been collected from the users of the specific spaces, in order to be 
compared to the measurements. Finally, important conclusions regarding the behavior of the 
existing materials have been extracted. 


3. MEASURMENTS OF THERMAL CONDITIONS (EXAMPLARY) 


e On site measurements with portable instruments, at five open spaces, at several different points 
and covering materials 

e Four seasons measurements, (winter, Spring, Summer and Autumn), seven days per season, 
three times per day (morning, noon and afternoon), at all selected places, at all the specific 
points by all the instruments (19 points, 25 days, 3 times a day, 8 parameters, 11400 manual 
measurements at all) 

e Comfort conditions have been measured at the height of 1.00 ~ 1.50m from the ground after 
Kosmopoulos [3] in order to cover conditions of all persons involved (young, old, seated e.t.c.) 

e Questionnaires answered by the users of the places 

* Analysis and elaboration of the data collected 

e Models of the comfort conditions as measured and after the proposals for interventions, by the 
use of appropriate software 

e Final proposals for the five open spaces that have been studied, aiming at better comfort 
conditions for the people 


The study areas of the research are observed in Fig.1. The Dolcho Square, the Olympic Flame 
Park, the Prefecture Square, the Public market and the Grammou Street are the investigated areas. 

The Dolcho Square is an area of 1075m. The surrounding buildings are mostly houses of one, 
two or three storeys and the height is 3, 6 and 9m respectively. The width of the north road is 8m, of 
the south 6m and of the west 9m. 

The Olympic Flame Park occupies an area of about 28.550 m^. The height of the surrounding 
buildings is 9, 12 and 15m. The width of the north road is about 12.5m, of the south road is 14.5m 
and of the west side 12.5 m. The park is covered mainly by grass, while the coating routes (width 
3.5m. - 5.5m.) is covered by slate. 

The Prefecture Square has SSW orientation, it is adjacent to a lake and its area is about 
3130m2. The height of the surrounding buildings is 9, 12 and 15 m. The width of the east street is 
12.5 m and of the north street is 14.5m. The square is coated by asphalt and there are rows of trees 
in order to create shadowing conditions to parked cars. 
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Grammou 
Street 


Prefecture Square 
Dolcho Square 
Olympic Flame Park 


Figure 1: The study area 


The parking of the market square occupies an area of approximately 6161m?. The buildings which 
are located on the north side have 9, 12 or 15m height. The width of the north street is about 6.5m, 
of the south is14.5m, of the west 8.5m and of the east street is 6.5m. 

The Grammou Street has W-E orientation and it is covered by asphalt. The pavements in each side 
of the road is 1.5m width and they are covered by white plates. The buildings on each side of the 
road is 3-5 stories and the average height of the buildings is 12-15m. The width of the road is about 
8 meters, and the ratio H/Wz1.87. This ratio has as a consequence the downgrading of comfort 
conditions. 


parking of super market 


Figure 2: The Measurement Points 


4. EXEMPLARY RESULTS AND DISCUSSION 


Filling questionnaires, the thermal comfort conditions during morning, noon and afternoon time are 
investigated. A five scale graduation is used (very cold, cold, neutral, hot, very hot) in order to 
study the subjective comfort conditions. In Fig.3 the comfort conditions of Olympic Frame Park are 
observed, during 12-17 July. 
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Subjective comfort conditions in 


Figure 3 
“Olympic flame" park, 40 persons Very cold cold neutral very hot 


Just a few examples of the study can be presented hereafter: 

In Fig. 4 the Surface Temperatures of covering materials in *Olympic flame" park (12-17/07) 
and the Tair over specific materials on height of 1.20 to 1.50m are observed [3], [4]. The Pv studio, 
Weather data analysis and Ecotect analysis are used in orer to simulate the conditons. 


Pavement 
stones: 
6°C to 16°C 
Higher than 
grass 


120420 mm me" 
— White E = €: — e ^ Adjacent wall — Wooden seat 
- Wooden —— Stone plaques (Park) — Stone plaques (Square) 
— Asphalt Protect re) Asrhat Pu bic market) 


Cm - 


Dolcho square 13:00h, 15/7/12 Olympic flame park 13:00h, 15/7/12 Prefecture square 13:00h, 15/7/12 


Public market Grammou Street 
13:00h, 15/7/12 13:00h, 15/7/12 


Air temperature over the specific materials 
(Height 1.20 ~ 1.50m) at noon, 12-17/7/2012 


Doicho square 


Lo 


Olympic flame park 


Prefecture square Public market Grammou Street 


Figure 4: Surface Temperatures of covering materials (12-17/07) 
and the Tair of specific materials on height of 1.20 to 1.50m 
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After the analysis of Surface Temperature, Air Temperature and existing thermal conditions, a 
proposal for better comfort conditions is suggested. For example, the upgrading of the market 
square includes the replacement of the asphalt with perforated cement plaques, over grass, and/or 
just grass, and also trees that are planted along parking places and around the place. In Fig. 5 the 
results of the proposals are observed. 


Public Market 15/7/2012 


— EIEXAENEN SESEHETEAEIE X HS 
aa EES EEE eae eee 


(a) As measured 
(b) Over proposed cool materials 
(c) Over arass 


T 


Surface temperature Tmrt (a) Tmrt (b) Tmrt (c) 


after the intervention 


Dolcho square 15/7/2012, 13:00 Dolcho square 15/7/2012, 13:00 


Surface temperature (measured) 


a Am] 


Olympic Flame park 15/7/2012, 13:00 | Olympic Flame park 15/7/2012, 13:00 


Surface temperatures: as measured (b) over semi-covered ground (c ) over simple grass 


Figure 5: The results of the proposals 
5. CONCLUSIONS 


At the time of measurements (Mt): 

An increase of the surfaces reflection causes decrease of the surface temperatures, but an 
increase of the MRT, PMV and PET, and as a result, worst comfort conditions. 

An increase of the thermal capacity of materials, causes decrease of surface temperatures, 
MRT, PMV and PET, and as a result, better comfort conditions (Mt). 

The replacement of hard materials with perforated materials, grass and trees, has as a result the 
better comfort conditions, as concluded from the decrease of 5°C in the air temperature. 

The replacement of the materials has decreased MRT, PMV, PET & SET in comparison with 
the existing situation. 

The replacement of the asphalt at the large parking places with perforated materials or grass, 
has as a result a significant improvement of the comfort condition indices in both simulations, and 
we observe an exceptional improvement in the case that we replace the existing asphalt with grass 
on soil... 

By comparing all the data gathered, it has been concluded that the replacement of the usually 
used in Greek open spaces materials (asphalt, concrete, stones) with perforated materials or grass, 
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and the plantation of specific kinds of trees, improves largely the thermal comfort conditions of the 
urban microclimate and of course, of the specific places. 


This research project has studied thermal comfort conditions in open spaces by on site 


measurements, questionnaires, use of software and has led to proposals towards the improvement of 
the conditions. 
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Abstract 


The aviation sector is the by far the most improved mode oftransportation among the others. 
According to the International Air TransportAssociation (IATA), global passenger traffic is raised 
by 5.9 % from 2013 to2014. Such an increase shows the growth of demand in air travel. The same 
association states that aviation is responsible of 2% of the global carbon dioxide emissions. 
Significant amounts of fossil fuels are consumedand the growing problems of greenhouse gas 
emissions and subsequent climatechange are contributed by virtue of the aviation. The environ- 
mental impacts ofthe aviation industry not only come from aircrafts, but also from airports andtheir 
supporting infrastructure. Thus, environmentally sustainable airports mustbe considered as an 
inseparable part of sustainable aviation systems. In thiscontext, the objective of this study is to 
evaluate an existing airport interms of its carbon footprint and to put forth recommendations on 
developingthe environmental sustainability of the facility. For this purpose SabihaGokcen 
International Airport, located in Istanbul is investigated. According to 2014 data, more than 23.5 
million passengers are used the airport and about 185400 flights are realized annually. The amount 
of waste and wastewater generationand information on their management/treatment practices, 
energy requirement forbuildings (heating and cooling), fuel consumption of airplanes, 
fuelrequirement for air-side vehicles and shuttles used for employeetransportation, the amount of 
used deicer are gathered for the last threeyears. The mentioned information is fed to ACERT v3.1 
calculation tool toobtain the carbon footprint of the facility. Currently a 2nd runway is 
underconstruction. This runway will be completed in 2017. Due to this elevation in capacity 
greenhouse emissions are estimated to increase three fold. To tackle with thisrecommendations that 
develop the sustainability of the airport are presented. 


Keywords: airport; carbon footprint; greenhouse gasses; sustainable development. 


1. INTRODUCTION 


The aviation sector is the by far the most improved mode of transportation among the others. 
According to the data of International Air Transport Association (IATA), global passenger traffic 
expressed as revenue passenger kilometres is raised by 5.9 % from 2013 to 2014 [1]. According to 
the projections, till 2030 an exponential growth is expected in global airline revenue passenger 
kilometres that corresponds to the product of number of passengers and the distance they travelled 
[2]. The realized increase and projections show the drastic growth of demand in air travel. On a 
global basis currently the aviation sector is responsible for 2 % of all the anthropogenic carbon 
dioxide emissions [3]. The mentioned percentage is estimated to elevate up to about 15 % by the 
year 2050 [2.4]. Significant amounts of fossil fuels are consumed and the growing problems of 
greenhouse gas emissions and subsequent climate change are contributed by virtue of the aviation. 
On contrary to the general opinion, aviation generates 12 96 of CO» emissions arising from all 
transportation sources whereas road transport accounts for 74 % [3]. The efficient usage of fuel is 
elevated by 70 % within the last 40 years due to new aircrafts [5]. It must be noted that the 
environmental impacts of the aviation industry not only come from aircrafts, but also from airports 
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and their supporting infrastructure. Thus, environmentally sustainable airports must be considered 
as an inseparable part of sustainable aviation systems. Assessing the current environmental impacts 
of an existing airport is the prerequisite step in obtaining a sound roadmap towards sustainability for 
such facilities. A greenhouse reduction program can then be established on the results obtained. 

In this context, the objective of this study is to evaluate an existing airport in terms of its carbon 
footprint. For this purpose Sabiha Gokcen International Airport, located on the Asian side of 
Istanbul is investigated. 


2. MATERIALS AND METHODS 


Similar to all other airports, various companies are running within Sabiha Gokcen International 
Airport complex. The first step in realizing the main task of this study that is evaluating the carbon 
footprint, is to set the boundaries. For this purpose both organizational and operational boundaries 
must be identified. Organizational boundaries defining which company operations should be included 
in greenhouse gas emission inventory can be established on three different approaches; namely equity 
share, financial control and operational control [6]. Among them operational control approach is 
selected for defining the organizational boundaries of the airport. Next step is to identify the 
operational boundaries that covers pointing out the emissions associated with the operations, grouping 
emissions as direct or indirect and categorizing the scopes of the emissions [6]. direct emissions are 
the ones generated from sources owned or controlled by the company. On the other hand, indirect 
sources are emissions resulting as a consequence of the activities of the company but occur at sources 
that are not owned or controlled by the company [6]. Airports Council International (ACI) categorizes 

the sources of emissions arising from airports under 3 scopes [7]: 

i. Scope 1. Greenhouse gas emissions from sources that are owned or controlled by the airport 
operator. Scope 1 emissions are direct emissions. 

ii. Scope 2. Greenhouse gas emissions from the off-site generation of electricity (and heating or 
cooling) purchased by the airport operator. Scope 2 emissions are grouped under indirect 
emissions. 

ili. Scope 3. Greenhouse gas emissions from airport related activities from sources not owned or 
controlled by the airport operator. Similar to Scope 2 emissions, Scope 3 emissions are placed 
under indirect emissions. 

Due to difficulties faced during data collection, terminal building and common facilities are 
taken into account for calculating the greenhouse emissions. It should be noted that there is a tri- 
generator in the airport. As the data related to the natural gas consumption of this tri-generator is not 
obtained, it is not included in the calculations. Fuel consumption of air-side vehicles and employee 
shuttles, the amount of waste/wastewater generation and information on their management/ 
treatment practices, amount of de-icer usage are considered within Scope 1 emissions. Scope 2 
emissions cover purchased natural gas and electricity, whereas fuel consumption of aircrafts, fuel 
consumption of employee/visitor/passenger vehicles (private and public transportation) are defined 
as the sources of emissions under Scope 3. Data gathered for the years 2012, 2013 and 2014, are fed 
to Airport Carbon and Emissions Reporting Tool (ACERT v3.1 calculation tool) [8] developed by 
ACI to obtain the carbon footprint of the facility for the mentioned period. 


3. LOCATION AND UTILITIES 


Being the second biggest airport in Istanbul, Sabiha Gokcen International Airport is serving for civil 
domestic and international flights. The general layout of Sabiha Gokcen International Airport is 
given in Figure 1. 
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Figure 1. Bird's-eye view of Sabiha Gokcen International Airport [9] 


Sabiha Gokcen International Airport is located on the Asian side of the city, about 50 kilometers 
away from the city centre (Taksim). It was opened to air traffic in 2001. It has one runway, four 
aprons, taxiways, a tower, an entrance control building, domestic and international terminal 
buildings, a cargo terminal, a hangar, a customs office building, a site for fuel, a wastewater 
treatment plant, a luggage handling and control system, a fire station, a police building, a regulator 
building, a power centre, a heating and cooling plant and a solid waste collection and separation 
centre [10]. 


3. RESULTS AND DISCUSSION 


Currently Sabiha Gokcen International Airport provides service to 23.6 million passengers 
annually. Figure 2 illustrates the changes in number of flights and passengers with years. As can be 
seen from the figure, a rapid rise in the usage of the airport is observed. 
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Figure 2. Total annual number of flights and number of passengers from 2001 to 2014 
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A high amount of water is required to run an airport. Quite a fraction of this water input is used 
for non-potable quality demanding points such as landscape irrigation, vehicle washing, pavement 
cleaning etc. Therefore, grey water treatment and reuse, is applied in some airports to reduce the 
amount of water consumption. 

An index showing the amount of water consumption per passenger is used for denoting the 
level of water used in airports. Table 1 outlines the mentioned index for various airports. This index 
indicates water conservation practices applied in the airport up to a level. However, it is also 
affected from various factors i.e. attitude of the people using the airport, amount of cargo 
transportation so on. As can be seen from the table a high level of water consumption per passenger 
is given for Narita airport, although grey water from terminal restaurants are used for toilet flushing 
[11]. The lowest figure is stated for Atlanta airport where water saving sanitary equipment and an 
air cooling system running without water cooling towers are used [11]. Due to the presence of rain 
water collection system and water saving sanitary equipment, Frankfurt airport also has a low water 
consumption [11]. Similarly, a low level of water consumption per passenger is associated with 
Sabiha Gokcen International Airport. Such a low figure is obtained because all the treated 
wastewater is reused for irrigation of the landscape. 


Table 1. The amount of water consumption per passenger for various airports 


Airport Annual number Water consumption Reference 
of passengers (millions) (It/passenger) 
Atlanta International 89 11 [11] 
Brussels 17.2 15 [11] 
Ataturk 53.3 16 [13] 
Frankfurt 53 17 [11] 
Porto 5.3 17 [11] 
Sabiha Gokcen 23.6 17 This study 
Paris Orly 25.2. 19 [11] 
Zurich 22.9 23 [11] 
Madrid Barajas 49.8 24 [11] 
Tancredo Neves 9.5 27 [12] 
Amsterdam 45.2 27 [11] 
Munich 34.7 28 [11] 
London Heathrow 65.9 28 [11] 
Sydney 36 29 [11] 
Toronto 31.8 29 [11] 
Rome Fiumicino 36.2 32 [11] 
Paris Charles de Gaulle 58.2 39 [11] 
Lizbon 14.1 43 [11] 
San Francisco 39.3 46 [11] 
Manchester 18.3 50 [11] 
Narita 32.9 53 [11] 


Electricity consumption is an important source of greenhouse gas emissions. Usually the emissions 
arising from electricity consumption for a country is calculated on the basis of composite 
electricity-heat emission factors (unit CO» emissions per kWh) put forth by International Energy 
Agency (IEA) [14]. ACERT v3.1 calculation tool uses emission factor of IEA's 2011 data to 
calculate carbon footprint due to electricity consumption. The amount of purchased electricity for 
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Sabiha Gokcen International Airport shows 2346 increase from 2012 to 2014. On the other hand 
these figures indicate a 76 % decrease in COze emissions per passenger in electricity usage within 
the given period of time. 

Fuel consumption of aircrafts, fuel requirement for the transportation of staff/visitors 
/passengers to the site are considered while defining Scope 3 emissions. Calculations on Scope 2 
emissions are based on purchased electricity and purchased natural gas. Scope 3 emissions has the 
highest share within all COze emissions. After Scope 3, Scope 1 emissions that consist of fuel usage 
by air-side vehicles and employee shuttles, de-icer usage and waste/wastewater management, are 
observed to be the highest contributor of COze emissions. Both Scope 2 and Scope 3 emissions are 
indirect ones, therefore it is not possible to control or lower them with the measures taken by airport 
operators. Percent distribution of emissions for 2014 are illustrated in Figure 3. 
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Figure 3. Percent distribution of emissions 
Figure 4 shows CO»e emissions of Sabiha Gokcen International Airport from 2012 to 2014. 
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Figure 4. CO»e emissions for 2012, 2013 and 2014 


Scope 1 emissions are the most important ones as these constitute the directly controllable 
group. Emissions arising from Scope 1 activities for 2012, 2013 and 2014 are given in Figure 5. 
Among all Scope 1 emissions, de-icer usage (glycol) is the highest contributor, where after fuel 
usage by air-side vehicles and employee shuttles come. Calculations based on year 2014 show that 
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67.8 % of the Scope 1 emissions arise from de-icer usage, 26.5 % from fuel usage by air-side 
vehicles and employee shuttles and finally 5.7 % from waste management. 
18,000 
16,000 ————————————————————————l.eeeceseT--T 
14,000 e 


12,000 


10,000 


CO2e Emissions (ton) 
o 
=} 
8 


8 


2012 2013 2014 
Year 
mummm Airside Vehicles & Employee Shuttles zaz Glycol Usage 
Processing of Wastewater = == Total Amount of Scope 1 Emissions 


Figure 5. CO»e emissions from Scope 1 activities 


Percent distribution of Scope 1 and Scope 2 emissions for 2014 is given in Figure 6. Among 
these scopes de-icer (glycol) usage is assessed to be the highest CO»e emitting source with an 
approximate percentage of 39. After that electricity input; and fuel usage of air-side vehicles and 
employee shuttles come. 
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Figure 6. Distribution of Scope 1 and Scope 2 emissions for 2014. 


Annual total COze emissions and kilogram CO»e per passenger values obtained for 2012, 2013 
and 2014 are illustrated in Figure 7. 
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Figure 7. Total CO»e emissions and kilogram CO»e per passenger values for 2012, 2013 and 2014 


Figure 7 shows a 40 96 increase in total COze emissions generated by the airport from 2012 to 


2014. However, a decreasing trend from 7.70 to 6.78 is obtained for kg CO»e emissions per 
passenger within the same period of time. 


CONCLUSIONS 


The concluding remarks obtained from this study that investigates the carbon footprint of Sabiha 
Gokcen International Airport are summarized below. 


1. 


il. 


iii. 


The airport has quite a low water consumption of 17 litre per passenger as a result of reusing all 
the treated effluents for landscape irrigation. 

The total COze emissions arising from the airport are increased by 40 % from 2012 to 2014. On 
contrary to this elevation, a reduction from 7.70 to 6.78 COvze emissions per passenger is 
observed within the same period of time. 

It is recommended to concentrate further studies on reducing the controllable emissions such as 
energy requirement of air-side vehicles and employee shuttles, de-icer usage etc. 
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Abstract 


The lack of certification and commonly acknowledged assessment tools results to limited investors' 
confidence in energy efficiency projects. To counter this, the European initiativeTrust EPC South is 
developing an investment standardization and benchmarking framework to technically appraise 
existing tertiary sector buildings and to evaluate the environmental impact and alternative energy 
efficiency actions. It is built upon an established real estate assessment tool, the Green Rating™ 
building assessment tool. The resulting framework will be tested on more than 40 pilot projects in 6 
countries (Portugal, Spain, France, Italy, Croatia and Greece). Specifically for the hospitality sector, 
another online solution -the neZEH e-tool- aspires to motivate and support hoteliers towards 
becoming more energy efficient and transforming their hotels into nearly Zero Energy Buildings. 
The tool benchmarks the hotel's current energy performance providing suggestions for energy 
efficiency measures, taking into account local parameters. 


Keywords: energy efficiency assessment tools; nearly zero energy buildings; nZEB; high energy 
efficient hotels; Energy Performance Contract 


1. INTRODUCTION 


The services (tertiary) sector includes activities related to trade, finance, real estate, hospitality, 
health, education, and commerce. Energy consumption in the sector increased significantly in the 
early 2000s and showed a trend for decline after 2008 as a result of the European policies and the 
Members States regulatory measures to increase energy efficiency, also due to the economic 
recession. The most recent European Directive 2012/27/EU foresees 2096 reduction of overall 
energy consumption [1]. However, at present, there is insufficient public and private investment in 
Energy Efficiency (EE). 

Nevertheless, a different trend is observed in several southern, eastern and Mediterranean 
countries that show an increase in energy intensity. The data suggest that there is a significant 
potential for energy efficiency improvement, especially in these countries. However, several 
financial and other non-technical barriers hamper the fulfillment of such investments. One of the 
main barriers is the difficulty in accessing financing due to limited investors' confidence. The lack 
of proper certification, validation, and assessment tools are the main factors causing that. Energy 
Performance Contracting (EPC) is a way to boost private energy efficiency investments, but still 
lighthouse projects are rare in the tertiary sector of southern European countries to trigger 
replications. 

To counter this, Trust EPC South [2], a project co-funded by the European Union's Horizon 
2020 Research and Innovation Programme, is developing an investment standardisation and 
benchmarking framework, which is able to technically appraise existing tertiary sector buildings 
and evaluate the environmental impact and energy efficiency actions that can be undertaken. It built 
upon an established real estate assessment tool (Green Rating™) and offers a pragmatic and cost- 
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effective approach: an assessment, benchmarking and decision-making tool based on six 
environmental criteria and four levels of performance. Weighting the 3 quantitative indicators 
(energy, carbon, water) and the 3 qualitative ones (transport, wellbeing, waste) the tool delivers a 
benchmarkable rating to compare the sustainability performance of buildings and decide the most 
cost-effective measures to undertake. During the project's lifespan, the existing methodology will 
be adapted and upgraded, by covering tertiary sector buildings and energy efficiency solutions that 
can be applied to them and including a financial assessment model. The resulting framework will be 
tested on at least 40 pilot projects in 6 countries (Portugal, Spain, France, Italy, Croatia and Greece) 
aiming to become a reference tool for such investments assessment and decision-making processes. 
For the hospitality sector in specific, another online solution, the neZEH [3] e-tool, to be used by 
hoteliers themselves, aspires to motivate them and support their decision making towards becoming 
more energy efficient and transforming their hotels into nearly Zero Energy Buildings (nZEB). The 
neZEH e-tool has been upgraded by the nearly Zero Energy Hotels (neZEH) initiative, a project co- 
funded by the Intelligent Energy Europe Programme of the European Commission, that aimed at 
accelerating the rate of the refurbishment of existing hotels into nZEB. The neZEH e-tool 
benchmarks the hotel's current energy performance and provides suggestions for energy efficiency 
measures, taking into account local parameters, such as prices and climate. 

This paper presents the tools developed in the framework of the European initiatives Nearly 
Zero Energy Hotels and Trust EPC South and the experience gained in Greece and other EU 
countries. 


2. TOOL FOR GREEN BUILDING CERTIFICATION 


The suitable certification, validation and assessment tools are key factors for bank financing. In 
order to technically value the existing tertiary sector buildings and evaluate the environmental 
impact and EE actions that can be undertaken, is exploiting the Green Rating™ methodology. This 
one, designed first and foremost by property practitioners for the real estate sector, offers an 
assessment, benchmarking and decision-making tool built on six environmental criteria (fig. 1) that 
provide results in monitoring and improving the sustainability performance of existing buildings. 
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Figure 1. The six objective indicators [4] 


Its main features include: 

e Third-party assessment by accredited certification bodies; 

e Six tangible indicators (energy, carbon, water, transport, waste, wellbeing); 

e Intrinsic actual performance (based on building components and systems under a standard 
scenario) and potential performance if Capital Expenditure -CAPEX- recommendations are 
implemented 


820 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


e Actual performance (based on actual consumption and operational practices) and potential with 
operational and behavioral changes 
e Aconsistent methodology applicable across Europe. 

The Green Rating™ indicators have been selected by experts and practitioners to best meet the 
demands of the real estate industry. The current Green Rating™ methodology covers the office, 
logistics, and retail sectors. Weighting the 3 quantitative indicators (energy, carbon, water) and the 
3 qualitative ones (transport, wellbeing, waste) the Green Rating™ delivers a benchmarkable rating 
used internationally by its clients to compare the sustainability performance of buildings and decide 
the most cost-effective measures to undertake. 
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Figure 2. Example of Building B in Frankfurt, Germany [4] 


For the purpose of the Trust-EPC-South project [5, 6], the existing Green Rating™ methodology is 
planned to be upgraded as a sustainable energy investment assessment and benchmarking tool 
addressing building and facility renovations. The first step shall be its adaptation for the covered 
tertiary sector segments (such as hospitality, healthcare, leisure centres, theatres, etc.). This means 
the development of assessment criteria and relevant indicators for specific buildings and other types 
of facilities [7]. 
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Figure 3. Illustration of the Trust-EPC-South benchmarking approach [2] 


Successively, our next step is to refine and expand the Green Rating™ Methodology for the specific 
benchmarking purpose of the Trust-EPC-South project. Primarily, this shall mean the inclusion of a 
financial assessment model to complement the existing technical Green Rating™ assessment. The 
integration of this financial assessment model shall complement the existing technical methodology 
and create a holistic score for EPC project benchmarking. 
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The final step will ensure that the project results are delivered to the market. This will be made 
possible thanks to the project consortium that will explore and define the best strategy to ensure the 
exploitation of the investment standardisation and benchmarking framework, and the generation of 
an additional pipeline of projects to be developed beyond the project's lifetime. 

The tool will allow stakeholders to: 

e improve understanding of the technicalities of energy efficiency and sustainable energy 
measures applied to buildings by modeling them, evaluating their cross effects and translating 
them into energy savings; 

e appreciate the effects of implementing such measures not only within the energy dimension, 
but also across the other 5 Green Rating™ indicators: carbon, water, transport, waste and 
wellbeing; 

e improve understanding of the economical and financial aspects of implementing such 
measures, in a language understandable by the financing side. 


3. TOOL FOR ENERGY EFFICIENCY IN HOTEL BUILDINGS 


The European initiative Nearly Zero Energy Hotels (neZEH), co-funded by the Intelligent Energy 

Programme of the European Commission, aims to accelerate the rate of the refurbishment of 

existing hotels to become nearly Zero Energy Buildings (nZEB). The main target is SME hotels, 

which represent 90% of the European hospitality market and are usually more reluctant to commit 

to energy saving measures and the use of renewable energies [8,9]. The neZEH initiative is a 

response to the European Directive on the Energy Performance of Buildings (2010/31/EU, EPBD 

recast), contributing directly to the EU 2020 targets and supporting EU Member States (MS) in their 

national plans for increasing the number of nZEBs, while supporting the European hotels to reduce 

their operational costs, to improve their image and services and so enhance their competitiveness. 

The major outputs of neZEH are: 

e An integrated set of decision support tools to assist hoteliers in identifying appropriate 
solutions and designing feasible and sustainable nZEB projects; 

e An EU neZEH network to facilitate knowledge exchanging and cooperation between the 
demand (hotel owners) and supply side (building professionals); 

e l6demonstration pilot projects in 7 countries to act as "living" examples; 

e Practical training and capacity building activities to support the implementation and uptake of 
nZEB projects; 

e Integrated communication tools to promote front runners and to foster replication, challenging 
much more SMEs to invest in similar projects. 


Figure 4. The 16 neZEH pilot hotels — lighthouse examples in Europe [3] 
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The neZEH online e-tool [10] has been developed to support decision-making and motivate 
hoteliers wanting to refurbish their hotels to nZEB. The tool, based on the previously developed 
HES e-toolkit [11], has been upgraded to include the neZEH project approach and findings, among 
which the concept of nZEB in hotels as well as the assessment of all indicators towards nZEB, 
including carbon footprint. Its objective is to encourage engagement of and provide a basic but 
comprehensive overview for hotel owners and managers to help increase capacity in the 
accommodation industry to improve their energy performance by increasing energy efficiency and 
use of renewables. The e-tool is designed to encourage owners and managers to initiate projects of 
energy performance improvement in their hotels, the first steps of which are to commission an 
energy audit and obtain specialist technical advice appropriate to their particular building and 
circumstances, on how to set up and implement specific improvements in the energy performance 
of their premises. 

The e-tool includes three main sections: 

1. Assessment of the hotel's energy performance using a questionnaire in order to build an 
"energy use profile" of the hotel. 

2. Identification of options for energy efficiency improvement on the basis of three main 
processes: elimination of energy use, reduction of energy use and substitution of non-renewable 
energy sources with renewable ones. 

3. Awareness and knowledge section; this separate section includes inspiring examples by 
showcasing neZEH pilot hotels experiences. 

The questionnaire includes four steps: 

i. Step 1: Identification data — identification of the hotel and the reference year used for 
answering the questionnaire. 

ii. Step 2: Hotel characteristics — gathers information about the climate zone where the hotel is 
located and the type of building; it further narrows the characteristics of the property by 
defining the energy management measures that are already implemented in the hotel. 

iii. Step 3: Energy consumption - it continues to narrow the characteristics of the property by 
listing the energy sources used in the hotel and corresponding consumption patterns. 

iv. Step 4: Energy profiling — final step aiming at understanding the efficiency of the hotel by 
presenting questions about the equipment and appliances installed in the hotel and establishing 
the potential for improvement into a more efficient facility. 

When the user finishes the questionnaire, the tool provides the following reports as output: 

1. Energy consumption report that includes: the hotel’s current energy consumption (KWh/m?/y), 
its current renewable energy share (96), the goals in order to become neZEH and the repartition 
of the hotel’s energy consumption. 

2. Energy solutions report including: measures to reduce energy consumption and increase the use 
of renewable energy, categorized in measures that are likely to be implemented and measures 
that need to be implemented in order to reach neZEH level, based on the hotel characteristics 

3. Carbon footprint report that gives the current carbon footprint of the hotel (kgCO;/m)), both 
total and as a break-down per energy source used. 

A Return of Investment calculator is also included, that can indicate the expected costs 
concerning investment, O&M and energy savings, helping in this way the hotelier decide in which 
technology project to invest. The Data Decision Support System (DSSS) of the e-tool is based on the 
back-end on an Excel Ranking Tool, which is able to rank energy efficiency measures for different 
types and categories of hotels at the country level, taking into account local parameters. The ranking 
is done based on four parameters (size of the financial investment, profitability, potential energy 
saving, European climate zones). It includes a list of energy efficiency measures, each of which is 
associated with a typical energy saving percentage (26), and modelled independently. Climatic data 
(heating and cooling degree days for the 28 EU Member States, heating and cooling needs, etc.) are 
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taken into account and correction factors are used to adjust the potential energy savings percentage 
(96) depending on the climate zone. 
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Figure 5. Energy consumption report from the neZEH e-tool [3] 


The data are put together in four reference buildings and give as output, a ranking of energy 

efficiency measures in regard to three aspects: 

1. Profitability of the financial investment in € invested per kWh saved ratio. The €/kWh saved 
ratio depends on the size of the financial investment in each country and the potential energy 
saving, which in its turn is affected by the correction factor for the climate zone. 

2. The size of the financial investment in €. The cost of each measure depends on the selected 
country. 

3. Potential Energy Saving in kWh/y from each technology. The kWh/y saved is also affected by 
the correction factor for the climate zone. 

In Figure 3, a detailed flux diagram of the Excel Ranking Tool is presented. The tool needs five 
inputs (Ala-e) in the topics: Energy, Buildings, and Economics. In order to get the ranking, both 
kWh saved and €/measure are required, shown as red squares in the flux diagram. The energy saved 
per measure is calculated mainly by three inputs: the typical energy saving percentage per measure 
(Ala), the climate in the country (Alb) and energy balances (Alc). The first two are subordinated 
to several specific parameters which work as correction factors; the correction factors are based on 
different modelling for every measure. The third is given by a database of energy balances included 
in the tool. The energy balances, extracted from real hotel energy audits, were contributed by the 
neZEH partners. A correction factor for the energy saved has been developed to adjust it to some 
climates. As the last step, there is a need for the model to establish some reference buildings (Ald) 
in order to have fixed energy consumption (A6). The estimation of €/measure is based on a 
partnership-contributed prices database (Ale) which includes €/unit (i.e. €/LED lamp, €/Boiler etc.) 
and the labor cost per country. 
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4. CONCLUSIONS 


Achieving the European Union's 2020 energy efficiency targets and at the same time reducing its 
dependency on energy imports is a huge task that requires innovative approaches and tools - such as 
the Green Rating and neZEH tools - to foster investments into sustainable energy by: 

a) increasing the confidence of the tertiary sector investors through standard evaluation 
methodologies and accompanying project developers in the economical and technical project 
structuring, 

b) providing decision-making assistance in evaluating carbon emissions and mitigation techniques 
and ranking practical and cost-effective energy efficiency and renewable energy investment 
options. 

The developed tools can support scaling up investments in sustainable energy technologies in the 

private tertiary sector providing credible, standard methods to value EE projects under different 

perspectives (economic, social and environmental), which ultimately will facilitate decision-making 
process and build confidence in the decision making and financing institutions. 

Finally, both tools will contribute to build skills among the financial sector in the evaluation and 

assessment of investments in EE/RES. 
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Abstract 


Sustainable Urban Mobility Plans (SUMPs) are being considered as an ambitious policy tool aiming 
to improve urban mobility and the quality of life of citizens in urban areas in terms of social equity, 
economic efficiency and environmental integrity. Since SUMPs were first introduced in European 
transport policy, in 2009 through the “Action plan on Urban Mobility”, more and more cities are 
being encouraged to initiate the process of implementing a SUMP. While in Greece few cities have 
actually implemented a SUMP, this number is expected to increase substantially during the next 
years as it will soon become a precondition for cities for continuing to receive state financing. 
According to the guidelines that have been developed for successfully implementing a SUMP, the 
assessment of the current situation in a city is the first critical point that needs to be taken into 
careful consideration. The assessment of a city’s urban mobility conditions can be undertaken by 
using a variety of tools and a set of targeted indicators. The latter are being considered as a valuable 
tool for presenting and assessing a city’s urban mobility conditions as they are simple to use and 
can efficiently communicate complex phenomena to citizens in a comprehensive way. Within the 
framework of this paper, an assessment of the urban mobility conditions of two municipalities i.e. 
the Pylaia-Panorama and the Pavlos Melas municipalities located in the Thessaloniki region in 
Greece, was undertaken using a set of 45 sustainable urban mobility indicators as defined based on 
an extended literature review. The methodological approach as well as the tools used to measure 
each indicator (e.g. in situ measurements, questionnaire surveys, collection, organization and 
analysis of GIS databases, etc.) are being briefly described within this paper and the respective 
results are being analyzed highlighting the strengths and weaknesses of the urban transport system 
in the two aforementioned areas. The results of the assessment also enabled to draw interesting 
conclusions regarding the existing conditions of urban mobility in those two areas thus define 
specific goals and interventions that have to be undertaken in order to pave the way towards the 
successful implementation of a SUMP there in the near future. 


Keywords: sustainable urban mobility indicators; municipality of Pylaia-Panorama; municipality 
of Pavlos Melas; SUMP 


INTRODUCTION 


The conventional transport planning approach being implemented during the last decades although 
attempted to cope with the increased transport demand by constructing additional road 
infrastructure yet imposed further pressures on the operation of the transport system such as traffic 
congestion, air pollution, traffic noise, visual disturbance and degradation of the environment. The 
aforementioned phenomena highlight thus the emergence of adopting a contemporary sustainable 
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transport planning approach focusing on the encouragement of sustainable modes of transport i.e. 
walking, bicycle and public transport, and the provision of mobility and information services. 
Towards this direction, Sustainable Urban Mobility Plans (SUMPs) are being considered as an 
ambitious policy tool aiming to improve urban mobility and the quality of life of citizens in urban 
areas in terms of social equity, economic efficiency and environmental integrity. Since SUMPs 
were first introduced in European transport policy, in 2009 through the “Action plan on Urban 
Mobility", more and more cities are being encouraged to initiate the process of implementing a 
SUMP [1]. While in Greece few cities have actually implemented a SUMP, this number is expected 
to increase substantially during the next years as it will soon become a precondition for cities for 
continuing to receive state financing. According to the guidelines that have been developed for 
successfully implementing a SUMP, the assessment of the current situation in a city is the first 
critical point that needs to be taken into careful consideration. The assessment of a city's urban 
mobility conditions can be undertaken by using a variety of tools and a set of targeted indicators. 
The latter are being considered as a valuable tool for presenting and assessing a city's urban 
mobility conditions as they are simple to use and can efficiently communicate complex phenomena 
both to citizens and other stakeholders in a comprehensive way. Moreover, according to several 
authors, indicators enable to monitor progress towards a specific goal or objective such as 
sustainable urban mobility whilst they also facilitate the identification of significant trends and the 
comparison of different time periods and urban areas sharing similar features [2, 3, 4]. Furthermore, 
indicators contribute to setting policy priorities as well as to ranking potential measures and 
interventions [5]. 

Within the framework of the current research, an assessment of the urban mobility conditions 
of two municipalities planning to implement a SUMP during the next years (as it is outlined by their 
short-term business plans) namely the Pylaia-Chortiatis and the Pavlos Melas municipalities located 
in the Thessaloniki's metropolitan area in Greece, was carried out using a set of 45 sustainable 
urban mobility indicators adapted to the specific features of the reference area. The development of 
the aforementioned indicator set was based on an extended literature review as well as on the 
widely accepted selection criteria such as the relevance to sustainability and transport-related 
policies, the simplification, the transparency and the accessibility of the indicators to all stake- 
holders, the increased sensitivity that enables to highlight even slight changes, the compatibility 
between different jurisdictions as well as the continuity, availability, frequency and reliability of the 
necessary original data [5, 6]. 

Regarding the reference area, the city of Thessaloniki comprises a major cultural, commercial, 
financial and political centre of greater Balkans while it constitutes the administrative centre of the 
region of Central Macedonia and the second largest urban area of Greece in terms of area, 
population and economic activity. In specific, the metropolitan area of Thessaloniki extends over an 
area of 1.455 km? and as outlined by the recent (2011) census it accommodates approximately 
1.000.000 citizens [7]. Moreover, according to the latest relevant datasets (2016) available from the 
International Monetary Fund, the area of Thessaloniki contributes to the Greek Growth Domestic 
Product (GDP) by a significant share which corresponds to 8,6% [8]. As far as the main features of 
the examined municipalities are concerned, Municipalities of Pylaia-Chortiatis and Pavlos Melas 
are located in the Northeast and Northwest region of the Thessaloniki's metropolitan area 
respectively consisting of the 6" and 3" largest municipalities in terms of population. Residential 
constitutes the prevailing land use in both cases while the commercial zone extends along certain 
road axis such as Prof. Ilia St. and Davaki St. respectively. Concerning the traffic features, private 
car is considered as the dominant transport mode while urban buses operated by the Organisation of 
Urban Transportation of Thessaloniki consist of the only means of public transport. Moreover, total 
absence of bicycle infrastructure is being observed in both areas. The selected set of sustainable 
urban mobility indicators is presented in Table 1 below. 
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Table 1: Presentation of the developed set of sustainable urban mobility indicators 


ID Indicator 

1 Integration of land use/transport planning 

1.1 Total area 

1.2 Population 

1.3 Population density 

1.4 GDP per capita 

1.5 Unemployment rate 

1.6 Land use mix 

1.7 PT network coverage 

1.8 Distance between successive PT stops 
1.9 Access to basic services 

1.10 Private car ownership 

2.Effective traffic and parking management 

2.1 Modal split 

2:2 Occupancy rates of passenger vehicles 
2.3 Traffic congestion (delay) 

2.4 Average speed of private vehicles 

2.5 Road network density 

2.6 Road safety 

2.7 Sense of security 

2.8 Affordability (share of income devoted to transport) 
3.Promotion of bicycle and walking 

3.1 Pedestrian infrastructure density 

3.2 Cycling infrastructure density 

3.3 Share of streets with traffic calming measures 
3.4 Cycle parking availability 

3.5 Share of sidewalks which are wheelchair accessible 
3.6 Road safety and vulnerable users 
4.Promotion of Public Transport 

4.1 Average age of PT fleet 

4.2 PT frequency 

4.3 Hours of service 

4.4 Average PT speed 

4.5 PT comfort 

4.6 PT security 

4.7 Capacity of Park and Ride facilities 

4.8 PT affordability 

4.9 PT size in relation to population 

4.10 Occupancy rate of PT vehicles 

4.11 Share of PT stops with shelter 

4.12 Share of smart PT stops 

4.13 Share of PT vehicles which are wheelchair accessible 
4.14 Annual trips per capita with means of PT 
4.15 PT network density 

5.Promotion of "green" technologies and measures 
5.1 Share of vehicle fleet meeting certain air emission standards 
52 CO; emissions per mode 

5.3 CO» emissions per type of fuel 

54 Total CO, emissions 

5:5 Share of vehicle fleet 

5.6 Share of hybrid private vehicles 


The methodological approach as well as the tools used to measure each indicator (e.g. in situ 
measurements, questionnaire surveys, collection, organization and analysis of GIS databases, etc.) 
are being briefly described within this paper and the respective results are being analyzed 
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highlighting the strengths and weaknesses of the urban transport system in the two aforementioned 
areas. The results of the assessment also enabled to draw interesting conclusions regarding the 
existing conditions of urban mobility in those two areas thus define specific goals and interventions 
that have to be undertaken in order to pave the way towards the attainment of sustainable urban 
mobility. 
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Abstract 


The optimum approach for achieving sustainable development of insular and rural communities is 
not based on either the prolongation of fossil fuels’ use, or the "anarchic" invasion of huge R.E.S. 
power plants in sensitive ecosystems or limited territories. Sustainable development should be 
approached with the introduction of energy saving and rational use of energy techniques in 
buildings, premises and transportation sector, the introduction of central or decentralized electricity 
production power plants, involving R.E.S. and energy storage technologies and the participation of 
the local population, the local authorities and local investors or investment schemes. 

In this paper, the above described development pattern is presented for the Aegean Sea island of 
Sifnos, implemented by the local Energy Cooperative with the support of the Municipality, aiming 
to guarantee a 100% annual R.E.S. penetration in the island's energy overall consumption. 


Keywords:  insular and rural communities sustainable development; hybrid power plants; distinct 
heating cooling conditioning; smart grid; rational use of energy 


1. INTRODUCTION 


1.1. The remote power systems in Greece 

A large number of remote power systems, located in insular territories, are met in Greece. These 
systems exhibit similarities regarding the power consumption, the currently developed economic 
activities and the resulting status of the local economies, the availability of Renewable Energy 
Sources (R.E.S.) potential and specific development perspectives. 

In figure 1 the annual electricity consumption curve is presented for the island of Sifnos, 
located in the eastern part of the Cyclades complex, with a permanent population of around 2,500 
residents. The seasonal variation of the power demand is clearly depicted in this figure, a feature 
most commonly met in all the Greek autonomous power systems. In this specific island, the power 
demand during summer is measured approximately three times higher than the averaged one during 
the rest seasons, a fact imposed exclusively by the multiplied activities in the island in summer due 
to the tourist sector. Actually, tourist sector consists the main pillar for the local economy, 
representing more than 80% of the annual income of the local community and supplying the 
fundamental funding base for a number of small local commercial enterprises. This power demand 
intensive seasonal variation between winter and summer period is mainly met in medium and small 
size power systems, with strong dependency on tourist economy. In cases of larger islands, such as 
Crete, Lesvos etc, with local economies further developed in several sectors apart from the tourist 
one (agriculture, small industries etc), the power demand seasonal variation is less intensive [1, 2]. 
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Figure 1: Annual electrical power demand in the island of Sifnos estimated for the year 2020. 


Currently all the energy needs in the Greek islands are covered by imported fossil fuels, 
specifically heavy fuel in larger islands for electricity production and diesel oil, almost in all 
islands, for peak power production and transportation sector. Annual specific electricity production 
costs range from 0.15 €/kWh in the larger islands to 0.25 €/kWh in smaller ones, while in some 
cases of very small islands, with some tens of permanent population, this feature may exceed 1 
€/kWh. Tremendous amounts are spent annually for these fossil fuels imports. In Crete, for 
example, every year more than 300,000,000 € are required only for the consumed fossil fuels in the 
electricity sector. 

Another fundamental characteristic of the insular territories in Greece is the rich R.E.S. 
potential. The R.E.S. potential in Greece — mainly the wind potential and the solar radiation — has 
been evaluated during the last thirty years with hundreds of measuring stations. The results of these 
stations indicate that Greece should be placed among the richest countries in the world, regarding 
the available primary energy sources [3-6]. Annual averaged wind velocities higher than 10 m/s are 
often measured in the insular country [3, 4], while the annual global irradiation is recorded higher 
than 1,900 kWh/m? [5, 6]. The annually available R.E.S. potential in the Greek insular territory 
outgrows the annual electric [7, 8], thermal and mechanical energy demand and, additionally, can 
be a fundamental exportable product, capable of becoming the locomotive lever for the recovery of 
the Greek national economy, starting from the local ones. Consequently, the available R.E.S. in 
Greece constitute a potential source of wealth which can boost the development of the country. 


1.2. Exploitation of R.E.S. in Greece: a bad beginning 

Currently, not only the existing R.E.S. potential in the Greek islands remains unexploited, but, 
in addition, an anarchic policy has been adopted by the investors since 2009, regarding the 
submission of applications in Greece for the construction of electricity production projects from 
R.E.S. According to the official records of the Regulatory of Authority of Energy (the Authority in 
charge for the licensing of the submitted R.E.S. projects applications), the total licensed power 
exceeds 30 GW, while the annual maximum power demand in Greece varies around 11 GW. The 
total power of the submitted applications that still remain under evaluation is not easy to be 
calculated precisely. Roughly estimated, it must exceed 50 GW. 

Another impressive point is the large number of applications and licenses for electricity 
production projects (mainly wind parks) of very large size (thousands of MWs) in the Greek islands 
[9]. Since the power demand in these insular systems is considerably lower than the total power of 
the submitted applications and the issued licenses, these applications and licenses also propose the 
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interconnection of the insular systems with the mainland grid through underwater connection cables 
for the transportation of the produced power. Some characteristic applications — licenses in the 
Aegean Sea islands are listed below [10]: 

e electricity production license from wind parks in the islands of Anafi, Astypalaia, Amorgos, 

Ios, with a total nominal power of 317.4 MW and existing annual peak demand of 68 MW 
e electricity production license from wind parks in the islands of Kalymnos, Kos, Leros, with a 

total nominal power of 348 MW and existing annual peak demand of 90 MW 
e electricity production license from wind parks in the island of Ikaria, with a total nominal 

power of 330 MW and existing annual peak demand of 8 MW 
e application for electricity production license from wind parks in the islands of Milos, Kimolos, 

Sikinos, Folegandros, Astypalaia with a total nominal power of 93 MW 
e licenses and applications in the island of Crete with total power around 5 GW, when the annual 

peak demand in the island is about 650 MW. 

In many of the above described applications — licenses there are several violations of the 
restrictions defined in the national siting plan for the construction of electricity production power 
plants from R.E.S. Most of these restrictions usually aim at the protection of either environmentally 
sensitive geographical regions, such as sites of specific importance in Natura 2000 zones, or sites 
with special value for the Greek history, civilization and development, such as historical or cultural 
monuments and areas with distinguished natural beauty and considerable contribution to the local 
economies (beaches, national parks etc). 

Additionally, the siting of these large scale projects in small geographical territories, such as 
the insular ones, often occupying all the available hills and mountains, certainly affects the existing 
human activities and turns the existing traditional attitude into an electricity production industrial 
area. It is obvious that, in case these projects are implemented, tourism, the one and only economic 
activity in these islands and the fundamental pylon of the Greek national economy, will collapse. 
Conclusively, the national economy will be dramatically affected, while the local economies will be 
totally destroyed. The natural environment will be also considerably affected. 

Finally, in case of the exploitation of these large R.E.S. projects from a minority of investors, 
with the local communities totally absent, all the huge potential social and economic benefits that 
can be gained from R.E.S. projects in favor of the national economy and the local communities are 
simply lost [11, 12]. Simultaneously, the installation of these large projects will terminate any 
further possible development of R.E.S. projects in Greece, since all the available land and the 
electricity demand of the country will have been covered. So the perspective of the economic 
growth based on the exploitation of R.E.S. in Greece will be practically lost for ever and the country 
will be deprived one of the most promising prospects for a healthy, social and economic 
development. 


2. FOCUSING ON A SUSTAINABLE ENERGY FUTURE 


2.1. Energy saving 

Any effort towards the approach of a sustainable energy future, which will boost the local economy 
development, should begin from the introduction of energy saving technologies in energy 
consuming processes. In Greek islands there is a huge potential for energy saving. 


2.1.1. Passive solar systems in buildings - bioclimatic architecture 

Bioclimatic architecture is strongly connected with the traditional insular architecture in Greece. 
Actually, it is the Greek insular territory the geographical region where the fundamental rules of the 
bioclimatic architecture are widely met in the 20" century. Large openings in the south walls to 
maximize solar radiation gains during winter, small openings in the north walls to ensure natural 
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ventilation, exploiting, thus, the north-west breeze often blowing in the Aegean Sea during summer 
and outer walls with large width (usually larger than 0.50 m) to maximize the thermal resistance of 
the building's envelope constitute the most commonly met bioclimatic techniques in the Greek 
insular settlements. 

Despite this architectural tradition, most hotels, erected in the early ‘80s, although the Greek 
Buildings Insulation Regulation does exist since 1979, were constructed without any fundamental 
passive measure, with the tolerance of the responsible Urban Planning Authorities, practically 
breaking the relevant legislation. The considerable increase of the cooling loads and the required 
primary energy consumption for the buildings conditioning was the direct consequence of this 
immature attitude. 

Except envelope's insulation, further passive measures towards the reduction of the cooling 
loads can be the installation of double glazing with reflective coating in the building's openings, the 
construction of overhangs for the openings shading, the construction of green roofs, as well as more 
sophisticated measures, such as the introduction of openings in appropriate locations in the 
building's envelope to maximize natural ventilation (e.g. solar chimneys) and bioclimatic 
interventions of the surrounding environment aiming to increase the amount of latent heat versus 
the sensible one (water surfaces, planting areas etc). 

Given the fact that a large amount of the cooling loads originates from interior space sources 
(human beings, electrical devices), the reduction of cooling loads from an adequate integration of 
passive solar systems in a building is estimated in the range of 20%. 


2.1.2. Active systems for buildings conditioning 

It was noted in the introductory section that electricity consumption in Greek islands exhibits much 
higher during summer, due to the extended tourist sector. This increase originates, to its larger 
percentage, from the energy required for buildings' conditioning, particularly hotels, studios etc. 
Currently, in the vast majority of the accommodation infrastructure, inner space conditioning is 
provided by air-to-air heat pumps of several types (VAV chillers, split units, etc), with averaged 
EER in the best case not higher than 2.0 — 2.5. From relevant accomplished studies regarding 
energy upgrade measures in hotels and studios, it is estimated that more than 50% (in some cases 
even 70%) of the annual electricity demand is consumed for the buildings conditioning. 

Energy saving in buildings conditioning can be achieved mainly with the introduction of 
geothermal heat exchangers. The vicinity to the sea of the installation locations in most cases of 
large hotel groups enables the installation of open loop geothermal systems, operating with seawater 
pumped from the seawater aquifer, usually met a few meters under the ground. This guarantees the 
effective disposal of large amounts of cooling loads, without having to install some tens of 
kilometers of length of closed loop vertical geothermal heat exchangers, minimizing, thus, the 
imposed set-up cost. Indicatively, a specific set-up cost of 700 €/KWi of final cooling load has been 
calculated for open loop geothermal heat systems in Greece. For closed loop vertical heat 
exchangers, this cost should be expected higher than 1,000 €/k Win. 

Geothermal systems are accompanied with water-to-water heat pumps, operating normally with 
averaged EER in the range of 4.5 to 5.0. Consequently, compared to the existing situation, an 
annual electricity saving of at least 4096 should be expected. 


2.1.3. Demand side management 

On top of energy saving measures, demand side management (DSM) also comprises a critical 
element for achieving sustainable development in island regions. DSM, essentially suggesting 
control of electricity loads, covers a wide range of applications, extending from the residential to 
the transportation sector, and primarily aims to facilitate increased RES penetration without the 
need to oversize system components. 
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DSM refers to both active and passive control of electricity loads, with the second one implying 
energy monitoring and proper signals (e.g. price ones) from the system operator side in order for 
consumers to willingly react by adjusting their consumption. On the other hand, active DSM 
suggests imposition of load control (load shedding or forced operation of loads, mainly secondary 
ones) in order to ensure efficient operation for power generation assets, exploitation of energy 
surplus and/or maintenance of sufficient energy stores in the case that energy storage is employed. 
To this end, it is also important to stress association of DSM with energy solutions that are 
particularly suitable for island regions, like electrical vehicles (EVs) and desalination plants. Such 
applications could also be considered as DSM since they too suggest control of electric loads, 
mainly applied so as to exploit the energy surplus deriving from RES installations while also 
offering a clean solution to long-lasting problems of island regions. 

On the other hand, when considering small and medium sized island regions, DSM becomes 
increasingly challenging. This is owed to the fact that in such electricity systems, the largest share 
of local loads normally corresponds to residential/hotel ones, while at the same time, load demand 
forecasting is extremely sensitive to sudden variations, owed to the absence of base loads like 
industrial ones. 

As a result, detailed assessment needs to be carried out with regards to the classification of the 
different loads as elastic or inelastic ones. Such a classification could assess the DSM potential 
under different conditions of system operation and facilitate operation of a smart grid, where 
exchange of information takes place between the production and the demand side so as to optimize 
the overall system performance. 


2.2. Electricity production from R.E.S. 

Most islands in the world constitute power systems of medium or small size. The installation of 
electricity production power plants from R.E.S. in small insular systems is restricted due to dynamic 
security and stability constraints. Despite this fact, weak insular systems still constitute highly 
attractive regions for the development of electricity production power plants from RES, because of 
the available high wind potential and solar radiation [3-6], rarely met in the continental mainland 
and the high electricity generation specific cost from the existing autonomous thermal power plants 
[13, 14], favoring the economic feasibility of the RES electricity production projects. 

The RES power penetration restrictions imposed in insular systems for dynamic security and 
stability reasons are encountered with the combined operation of RES and storage power plants. 
The overall RES - storage power plants are commonly known as “hybrid power plants". 

The size of the hybrid power plant is imposed by the power demand size of the insular system. The 
size of the hybrid power plant will determine, in turn, the RES and storage technologies that should 
be employed. The technically mature and economically competitive available technologies are: 

e RES units: wind parks and photovoltaic stations; 

e storage power plants: Pumped Storage Systems (PSS), Compressed Air Energy Storage 

(CAES) systems, electrochemical batteries, electrolysis units for hydrogen production. 

PSS constitute the more mature storage technology of large size and occasionally of medium 
size (annual peak demand higher than 2 MW), while electrochemical storage is ideal for small size 
applications (peak demand lower than 1 MW). CAES constitute a relatively new technology. For 
the time being, there are two conventional CAES systems operating, one in Neuen Huntorf, 
Germany and one in McIntosh, U.S.A. 

The introduction of hybrid power plants in insular non-interconnected power systems has 
constituted a popular concept in the research literature during the last three decades. A hybrid power 
plant is usually introduced into a power system aiming at the following: 

e to support high RES power plants penetration, maximizing the exploitation of the locally 
available RES potential; 
e to reduce the consumption in the energy sector of the, usually imported, fossil fuels; 
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e in case of autonomous insular systems, to reduce the frequently existing high electricity 
generation cost; 

e to strengthen the local economy; 

e  toimprove the energy security of remote geographical regions. 

Aegean Sea islands are blessed with abundant wind, sun, sea and intensive land morphology. 
Given these conditions, they constitute ideal territories for wind parks and seawater PSS hybrid 
power plants in cases with peak power demand higher than 2,5 MW. This minimum size is 
normally adequate to ensure compensation of the high infrastructure works set-up cost of a PSS. In 
case of Sifnos, for example, the local Energy Cooperation has begun the licensing procedure of a 
wind powered PSS with a wind park of 12 MW nominal power and a seawater PSS with 1,100,000 
m? upper reservoir capacity, 320 m net head, 7 MW of hydro turbines and 10 MW of pumps 
installed power. The above dimensioning can fully support the electricity demand as it is estimated 
in 2020 (approximately 18.5 GWh), adopting an annual increase rate of 1.5%, leading to 100% of 
RES penetration over the annual electricity consumption. This achievement constitutes a major 
target of the local Energy Cooperation. The total set-up cost of this system is estimated at 
35,000,000 €, while the produced electricity selling price should be around 0,25 €/KWh, configured 
on the basis of the electricity production specific cost of the existing thermal power plant, as 
defined in the relevant legislation. Given these facts and a funding scheme of 3596 equities and 6596 
loan capitals with a loan rate of 6.5% and a payback period of 10 years, the equities payback period 
is calculated at 6 years and the corresponding IRR at 18%. 


3. APPROACHING A FEASIBLE DEVELOPMENT PATTERN 


Keeping the island of Sifnos as a case study, the construction and the operation of the hybrid power 
plant will simultaneously lead to a reduction of the annual expenses for the electricity production, 
currently afforded by the local network operator and to the implementation of a feasible and 
profitable investment, with an annual net income for the local Energy Cooperation of 3,000,000 €. 
In figure 2, the stored water volume annual variation in the PSS upper reservoir is presented. It is 
seen that there is a considerable time percentage (specifically 1,216 hours annually) during which 
the upper reservoir is full. This means that during this time period any potential power surplus from 
the hybrid station's wind park will not be possible to be stored, leading to an estimated annual 
electricity rejection of 13 GWh (roughly 33% of the annual production from the wind park). 

Instead of rejecting this electricity surplus, it could be exploited in newly introduced loads, 
such as desalination or electrical vehicles. Adopting an averaged specific electricity consumption 
for potable water production through a reverse osmosis process of 4 kWh/m/, it is estimated that 
these 13 GWh of electricity surplus, once exploited in desalination units, will permit an annual 
potable water production of 3,250,000 m. This quantity of available fresh water in a community of 
2,500 permanent residents will create a huge potential for the development of new activities in the 
island, based on the exploitation of the locally available sources and the possibilities offered by the 
excellent local climate conditions, such as the biological growth of agricultural products and the 
implementation of pilot farms of biological husbandry, beekeeping etc. The introduction of these 
new activities in the island's local economy will require the disposal of some initial capitals for the 
construction of the required infrastructure (e.g. potable water storage reservoirs, hydraulic 
networks, housing of the new enterprises etc). These capitals can be provided by the hybrid power 
plant's net profits. Consequently, by re-investing a percentage of the annual net profits of the hybrid 
power plant for the creation of the required infrastructure, new trades and professions can be 
introduced in currently unexploited sectors, creating thus serially new occupation positions and 
strengthening the local economy by introducing additional alternative professional options, instead 
of the currently economic structure, based almost exclusively on tourism. 
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Figure 2: Annual variation of stored water volume in the PSS upper reservoir for the case of Sifnos. 


Additionally, by introducing the energy saving available possibilities described previously, it is 
estimated that at least an annual reduction in the electricity consumption of 4046 can be achieved. 
This reduced electricity consumption will offer the ability to import new loads in the insular system, 
such as electrical vehicles or the new electricity consumptions imposed by the newly introduced 
economic activities. Finally, the overall energy balance between energy saving, energy production 
from the R.E.S. power plant and the new mixture of energy consumptions will be fulfilled by 
achieving simultaneously the energy independency and security of the insular community, based on 
the exploitation of the locally available R.E.S. potential and the offered energy saving techniques. 
Any import of primary energy sources will be eliminated. This new energy balance is depicted 
graphically in figure 3. 


Introduction of 
new 
consumptions 


Introduction of 
desalination 
loads 


Power 


production for 
measures 


Figure 3: Energy balance between energy saving, energy production from R.E.S. and new loads. 
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4. CONCLUSIONS 


In this article the perspective towards a sustainable and feasible development pattern based on the 
exploitation of R.E.S. potential in insular and remote communities was presented. Energy 
Cooperatives, local Municipalities and investors figure as the ideal schemes for the implementation 
of this approach. Given the initiative of the Energy Cooperative in the Aegean Sea island of Sifnos, 
characteristic features were presented for this particular case, proving the feasibility of this plan and 
revealing the huge imposing development potential. A fundamental state support is an apparent 
prerequisite for the successful implementation of such efforts. Specifically in the case of Greece, 
this implies, first of all, the recall of all the issued licenses for large wind parks projects in the 
insular territories or the rejection of the similar pending applications. Furthermore, the existing 
legislation should be adapted to conclude to a clear and integrated supporting framework for the 
promotion and the licensing acceleration of R.E.S. projects originated from local investing schemes. 
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Abstract 


The coast city of Kavala in northern Greece is a beautiful and productive place to live, work and 
visit to. In the view of residents, the sea constitutes a great advantage to this city. The present study 
examines residents' evaluation of the marine and coastal sectors to their contribution and 
perspectives of city development and quality life. Also evaluated the factors that mainly pollute the 
sea (aquatic and terrestrial) and the activities of different Stakeholders (State, Local Authorities, 
Scientific community, Ecological Organizations, citizens) to protect the marine environment from 
pollution. Face-to-face interviews were performed with 400 residents. The questionnaire was 
submitted to a factorial analysis of its validity and reliability. The results reveal that the most 
significant sectors for the development and quality of life in the city were tourism development of 
the coastal zone, the integration of the city landscape, fishery and oil extraction. Also important 
sectors were the attraction of cruise tourism the creation of jobs and transporting of people and 
goods. Even though the oil platforms were located in the marine environment, residents stated that 
the main factors of sea pollution are industry, domestic waste, pesticides and fertilizers. The least 
important appear to be rubbish and plastics, ship and oil spill accidents. Satisfaction for 
environmental activities was higher for ecological organizations and residents’ community and less 
from State and Local authorities. 


Keywords: marine and coastal environment; aquatic and terrestrial pollution; citizens’ views; 
stakeholder perceptions 


1. INTRODUCTION 


The coastal zone is commonly defined as the interface for transition area between the land and the 
sea [1]. Many of the world's major cities are located in coastal areas and a large proportion of 
economic activities are concentrated in these cities [2]. 9096 of the global fishery activity occurs in 
the coastal waters and coastal areas are the place where more than 45% of the world's population 
lives and works [3]. Greece is a maritime country with a coastline of over 15,000km. Most of the 
cities are located near the see, and Kavala is one of them with population 54,100 residents [4]. 
Coastal and marine ecosystems play a crucial role in supporting economic prosperity and social 
welfare in the adjacent human communities [5]. However, coastal areas and their ecosystems are 
subject to an increasing number of competing activities [6, 7]. Economic activities such as fishing, 
aquaculture, tourism, energy production, or shipping are highly dependent on the functioning of 
coastal marine ecosystems [8]. The maintenance and enhancement of these activities as well as of 
the multiple benefits available from marine ecosystems depend on how societies and governments 
find ways to balance the demand and the supply of marine ecosystems [9]. Environmental problems 


13" International Conference on Protection and Restoration of the Environment 839 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


are very often in the most coastal cities. The importance of active stakeholder participation in 
management and decision making of protection of the coastal and marine environment has 
increasingly been acknowledged, and this is now supported and integrated in various recent policies 
worldwide [3, 10, 11, 12]. 

The aim of the present study was to investigate resident's perceptions and views about the main 
sectors that contribute to the development of the city of Kavala and the resident's wellbeing as well 
as the adequacy of the Stakeholders in their activities for the protection of the coastal and the 
marine environment. 


2. MATERIALS AND METHODS 


The research area of this paper was the city of Kavala (350, 61 km?) in northern Greece, which is 
the principal seaport of eastern Macedonia and the capital of Kavala regional unit (Figure 1). It is 
situated on the Bay of Kavala, across from the island of Thasos. The municipality of Kavala also 
includes the communities of Krinides, Amigdaleonas, Nea Karvali and Zygos with total population 
770,501 residents. 


100 Kilometers x 


100 Miles € pickatrail.com 


Fig. 1 Map of Greece depicting the investigation area 


KAVALA OIL S.A, located 18 kilometers south of the city of Kavala is the only hydrocarbon 
extraction company in Greece from 1978, which produces “crude oil" and “natural gas". Also in 
Kavala there is a phosphoric fertilizers industry from 1961. The research was carried out with the 
application of a face to face structured questionnaire which developed for the purpose of this study 
and consisted of three major parts. The first examined marine and coastal sectors and their 
contribution to the development and quality life in the city. The second part referred to the factors 
that mainly pollute the sea (aquatic and terrestrial) and the activities of different Stakeholders. The 
third part of the questionnaires is about resident's characteristics. 

Random sampling was applied. The population ratio that is also the impartial evaluation of the 
real ratio of the population p and the assessment of the standard error of the population ratio of the 
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Sp without correction of the finite population as the sampling fraction is small, has been calculated 
using the formulae of simple random sampling. 

To calculate the size of the sample we thought it would be necessary to conduct pre-sampling 
with a sample size of 50 individuals. The size of this sample was calculated based on the formulae 
of simple random sampling (where t = 1.96 and e = 0.048) [13]. Even though simple random 
sampling without off reset was used, the correction of the finite population can be omitted as the 
sample size n is small in relation to the population size N [14]. More specifically, the sample size 
was determined to 400 individuals. The data collection was carried out during the second semester 
of 2015. 

The total of questions which were reported to marine and coastal sectors that contribute to the 
development of Kavala constitutes a multi-theme variable on which reliability analysis is applied. In 
particular, in order to find out the internal reliability of a questionnaire [15], i.e. if our data have the 
tendency to measure the same thing we used the alpha co-efficient (or reliability co-efficient a- 
Cronbach). If the alpha co-efficient is 0.70 or bigger it is regarded satisfactory [16] and if it is 
bigger than 0.80 it is regarded very satisfactory. In practice, it is frequent that smaller reliability 
coefficients, that is with values no bigger than 0.60, are also accepted. 

However, the checking must not only be reliable, it must also be credible and this is done 
through the application of factor analysis [17]. In particular, we used the method of principal 
components which is based on the spectral analysis of the variance table (correlation). Regarding 
the significance of the principal components, the criterion which was used was the one suggested by 
Guttman and Kaiser [15], according to which, the limit for the collection of the appropriate number 
of the principal components is determined by the values of typical roots which are equal or higher 
to one. Furthermore, we also used the matrix rotation of the main factors applying the Kaiser's 
method of maximum variance rotation. 


3. RESULTS AND DISCUSSION 


3.1. Coastal and marine sectors in the development and the welfare of the city 

Coastal and marine areas support economic and social welfare in the adjacent cities [11]. For 
this reason the coastal area of the city of Kavala constitutes also a comparative advantage for its 
development and the residents’ well-being. To this opinion agree the vast majority (57.8% 
absolutely and 29.5% very) of the residents of Kavala. Only few (little 1, 8% and 0.3% not at all) 
have the opposite attitude. 10.8% are indifferent (moderate agree). 

Multiple economic activities as fishing, aquaculture, tourism or shipping are highly dependent 
on the coastal and marine areas and the functioning of the existing ecosystems. [8, 9]. Coastal 
urban tourism can contribute positively to the social and economic life of a destination [12]. When 
the residents of Kavala were asked to evaluate different activities contribute to the development of 
the coast and marine area of the city as most important characterized the touristic development in 
the coastal zone and the integration of the landscape (Table 1). As important evaluated also the 
fisheries, the exploitation of under water resources (especially oil extraction) and the attraction of 
the cruise tourists. 

Reliability analysis was applied to the above variables after completing all the necessary 
checks. The value of the reliability coefficient alpha was 0.846. This is a strong indication that the 
data tended to measure the same thing. This finding was also supported by the fact that the partial 
reliability alpha coefficients were significantly higher after the deletion of any variable, and no 
increase of the reliability coefficient was observed. 
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Tablel. Residents’ evaluation of the marine and coastal sectors to their contribution 
to the development of Kavala and the resident's well-being. 


Mean Std. Deviation 
Fisheries 7.69 1.820 
Aquacultures 6.83 2.223 
Touristic development of the coastal zone 8.15 1.850 
Attraction of cruise tourists 7.46 2.126 
Integration of the landscape 7.99 2.027 
Fishery as leisure activity 6.69 2.346 
Transporting of people 7.05 2.253 
Transporting of goods 7.06 2.010 
Oil extraction 7.52 2.172 
Creation of jobs 7.21 2.580 


All the necessary checks were conducted before proceeding with the factor analysis. The value 
of the Keiser-Meyer-Olkin indicator was 0.865. Furthermore, Bartlett’ s test of sphericity rejects the 
null hypothesis that the correction table is unitary and that the partial correlation coefficients are 
low. The fact that the measures of sampling adequacy have high to very high values also supports 
the view that the factor analysis model was acceptable. There were three extracted factors. Table 2 
lists the load of the partial correlation factors of the ten variables with each of the three factors 
extracted from the analysis. The higher the load of a variable in a factor, the more this factor is 
responsible for the total degree of variance of the considered variable. 


Table 2. Table with factor burdens after rotation. 


. burdens of factors 
variables 
1 2 3 
Fisheries 0.141 0.795 0.242 
Aquacultures 0.062 0.735 0.389 
Touristic development of the coastal zone 0.644 0.002 0.409 
Attraction of cruise tourists 0.745 0.099 0.190 
Integration of the landscape 0.734 0.292 0.032 
Fishery as leisure activity 0.522 0.629 -0.224 
Transporting of people 0.754 0.121 0.312 
Transporting of goods 0.569 0.194 0.465 
Oil extraction 0.136 0.234 0.711 
Creation of jobs 0.332 0.132 0.708 


The first factor includes the variables “Touristic development of the coastal zone” “Attraction 
of cruise tourists” Integration of the landscape”, “Transporting of people” and “Transporting of 
goods” referred as comparative advantage of the city for development. The second factor includes 
the variables "Fisheries", “fishing for leisure" and “aquacultures” and called utilization of the 
marine resources. Besides the variable "fishery as leisure" with high value 0.522 is a bridge 
between the first and the second factor. In the third factor the variables of “Oil extraction" and 
"Creation of jobs" constitute exploit of underwater resources. 
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3.2. Factors pollute the sea and the activities of Stakeholders 

There are multiple human impacts that threaten the functioning of coastal ecosystems like marine 
pollution, intensive fishing and oil spills [11]. Asking residents of Kavala to evaluate the factors 
that pollute the coastal and marine environment, most of them stated that industry waste and 
pesticides and fertilizers are the main polluters (Table 3). This is reasonableness because of the 
function of the phosphoric fertilizer industry in Kavala. Also important are rubbishes and plastics 
and domestic waste. Although there is a hydrocarbon producing company near the city, less 
important were evaluated according to the residents spot oil and ship accidents and problems 
created from sediment and soil erosion. 


Table 3. Evaluation of the factors pollute the sea. 


Mean Std. Deviation 
Domestic waste 7.53 2.261 
Industry waste 8.31 1.970 
Pesticides and fertilizers 7.83 1.958 
Sediment and erosion of the soil 6.04 2.104 
Rubbishes and plastics 7.15 1.875 
Ship accidents 6.11 2.674 
Spot oil accidents 6.58 2.616 


Reliability analysis was applied to the above variables after completing all the necessary 
checks. The value of the reliability coefficient alpha was 0.827. This is a strong indication that the 
data tended to measure the same thing. This finding was also supported by the fact that the partial 
reliability alpha coefficients were significantly higher after the deletion of any variable, and no 
increase of the reliability coefficient was observed. 

Also before factor analysis applied necessary checks conducted. The results from factor 
analysis are given in Table 4. The first factor includes the terrestrial sources of pollution and the 
second the marine sources of pollution. As we can see the terrestrial resources evaluated as more 
important (mean 7.90, s.d. 1.552) than the marine (mean 7.51, s.d. 1.729). 

The importance of active stakeholder participation in management and protection of the coastal 
and marine environment has increasingly been acknowledged and now supported and integrated in 
various recent policies worldwide [3]. Finally the residents of Kavala were asked to evaluate 
Stakeholders’ activities on the environmental protection and from their response was revealed 
higher satisfaction for the activities of the ecological and scientific organizations and the residents’ 
community and lower from the State and the Local authorities (Table 5). 


Table 4. Table with factor burdens after rotation. 


Variables burdens of factors 
Domestic waste 0.827 0.014 
Industry waste 0.819 0.178 
Pesticides and fertilizers 0.709 0.322 
Sediment and erosion of the soil 0.565 0.372 
Rubbishes and plastics 0.577 0.331 
Ship accidents 0.225 0.889 
Spot oil accidents 0.190 0.908 
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Table 5. Evaluation of the Stakeholder's activities to the protection of the coastal and marine 


environment. 
Very much Very M Little Not at all No 

Stakeholder Satisfied Satisfied Satisfied Satisfied Satisfied answer 
Local 2.3% 6.8% 28.3% 44.5% 18.3% 
authority 
Regional 1.8% 6.0% 25.5% 46.8% 19.8% 0.3% 
authority 
State 0.5% 5.5% 17.0% 46.0% 30.5% 0,596 
Scientific 15% 6.8% 43.0% 37.5% 11.0% 0,396 
vu 1.396 14.5% 40.3% 35.0% 8.5% 0,5% 
Local media 0.5% 5.3% 32.5% 45.0% 16.3% 0.5% 
Por. 0.896 7.5% 37.0% 41.8% 13.0% 
authorities 
o Port 1.3% 6.5% 35.3% 42.5% 14.3% 0.3% 


3.3 Demographic profile of the respondents 
During the interviews, the residents were also asked about their demographic profile. As shown in 
Table 6 55.6% of the respondents questioned were male and 44% were female. Most of them 
(33.8%) were middle aged (30-40 years), married (56.5%). As regards their profession, they were 
mainly (28.8%) public servants or private employee (23.1%) Their educational level was high, since 
over 31.1% of the respondents had completed university or technological education (28.8%). 


Table 6. Socio-demographic profile of the sample % 


Gender Male Female 
55.6% 44.4% 
Age 18-30 31-40 41-50 >50 
24.8% 33.8% 27.5% 14% 
Marital unmarried Married divorced or widowed 
Status 39.5% 56.5% 4.596 
Primary School Lower Secondary Technical School 
Educational 0.896 5.3% 7.596 
Level Upper Secondary | Technological ed. University 
26.6% 28.8% 31.1% 
private employee public servants self-employed 
23.1% 28.8% 12.8% 4% 
FXolession pensioners Students housewives Unemployed 
5.596 7.8% 5.3% 12.5% 
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4. CONCLUSIONS 


Sustainable cities must be planned with respect to environmental quality and to be simultaneously 
economically viable, socially just, politically well managed to maximize and human well-being 
[19]. The coastal and marine environment constitute a great advantage to the city of Kavala and 
consequently residents evaluated the coastal zone tourist development and landscape integration as 
highly important for the city development and residents wellbeing. For this reason, it is absolutely 
necessary for residents and Stakeholders to protect this area from risk of pollution from 
hydrocarbon production and the phosphoric fertilizers industry. Residents considered the industrial 
waste, pesticides and fertilizers as major pollutants of the marine environment so the Stakeholders 
have to be more careful in industry controls. Besides that, residents were alert in sea pollution 
symptoms and worried for the worst case scenario in planning for potential disasters. The 
importance of active stakeholder participation in management and decision making of protection of 
the coastal and marine environment has to be been integrated in various recent policies because 
residents were not satisfied from the activities of the government stakeholders. Less rigorous were 
with the others stakeholders active in environmental protection. 


References 


[1] Kuleli T., 2015. The socio-economic significance of the Turkish coastal environment for sustainable 
development. Environmental Monitoring and Assessment 187, 231. 

[2] Nicholls, R.J., Hanson, S., Herweijer C., Patmore, N., Hallegatte, S., Jan Corfee-Mortot, Jean Chateau, 
Muir-Wood, R., 2007. Ranking of the word's cities most exposed to coastal flooding today and in the 
future. OECD, Environment Working Paper No 1. 

[3] Marre, J.B., Pascoe, S., Thebaud, O., Jennings, S., Boncoeur, J., Coglan, L., 2016. Information 
preferences for the evaluation of coastal development impacts on ecosystem services: A multi-criteria 
assessment in the Australian context. Journal of Environmental Management 173, 141-150. 

[4] Papamanolis N., 2015. The main characteristics of the urban climate and air quality in Greece cities. 
Urban Climate 12, 49-54. 

[5] De Groot, R., Brander, L., Costanza, R., Bernard, F.,.Braat, L., Christie, N., Crossman, M., Ghermandi, 
A.,.Hein, L., Hussain, S.,.Kumar, P., A.McVittie, A., Portela, R., Rodriguez, L., , Ten Brink, C., Van 
Beukering, P., 2012. Global estimates of the value of ecosystems and their services in monetary units, 
Ecosystem Services 1, 51-60. 

[6] Folke, C.,Jansson, A., Rockstróm, J., Olsson, P..Carpenter, S.R , Chapin F.S., Crépin, A.S., Daily, G., 
Danell, K., Ebbesson, J., Elmqvist, T., Galaz, V., Moberg, F., Nilsson M., Ósterblom, H., Ostrom, 
E.,.Persson, Á., Peterson, G., Polasky, S., Steffen, W., Walker, B., Westley, F., 2011. Reconnecting to 
the biosphere, AMBIO 40, 719-738. 

[7] Vitousek, P.M. Mooney, H.A., Lubchenco, J., Melillo, J.M., 1997. Human domination of Earth's 
ecosystems. Science 277, 494-499. 

[8] Outeriro, L., Villasante, S., 2013. Linking salmon aquaculture synergies and trade-offs on ecosystem 
services to human wellbeing constituents. AMBIO 42, 1022-1036. 

[9] Costanza, R., deGroot, R., Sulton, P., Vander-Ploeg S., Anderson, S.J., Kubiszewski, I., Farber S., 
Turner, R. K., 2014. Changes in the global value of ecosystem services, Global Environmental 
Changes 26, 152-158. 

[10] Reed, M.S., 2008. Stakeholder participation for environmental management: a literature review. 
Biological Conservation, 141, 2417-2431. 

[11] Rivero, S., Villasante, S., 2016. What are the research priorities for marine ecosystem services? Marine 
Policy, 66, 104-113. 

[12] Carlisle, S., Johansen, A., Kunc, M., 2016. Strategic foresight for (coastal) urban tourism market 
complexity: The case of Bournemouth. Tourism Management, 54, 81-95. 

[13] Matis K. G., 2001. Forest Sampling, University of Thessaloniki, Thessaloniki. 

[14] Pagano, M., Gauvreau, K., 2000. Principles of Biostatistics, Ellin Publications. 


13" International Conference on Protection and Restoration of the Environment 845 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


[15] Frangos, X. K., 2004. Market Research Methodology and Data Analysis with the application of the 
Statistical Package SPSS FOR WINDOWS, Interbooks Publications. 

Howitt, D., Gramer, D., 2003. Statistics with SPSS 11 and Windows, Klidarithmos, Athens. 

Tabachick, B. G., Fidell, L. S., 1989. Using Multivariete Statistics. Harper and Row, New York. 
Harman, H. H., 1976. Modern Factor Analysis. The University of Chicago Press, Chicago. 
Panagopoulos, T., González Duque, J.A., Dan, M.B. 2016. Urban planning with respect to 
environmental quality and human well-being. Environmental Pollution, 208, 137-144, 
http://dx.doi.org/10.1016/j.envpol.2015.07.038 


[16 
[17 
[18 
[19 


— _ a E a 


846 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Towards a Zero Energy Demand Building: 
Recent data of the experimental prototype unit ZED-KIM 


P. Kosmopoulos , P. Touboulidis, A. Moumtzakis, A. Kantzioura 


Laboratory of Environmental and Energy Efficient Design of Buildings and Settlements, 
Democritus University of Thrace, 67100, Xanthi, Greece. 
* Corresponding author: Email: pkosmos @env.duth.gr 


Abstract 


Aiming at the energy efficiency of the building sector through the adoption of near Zero Energy 
Buildings, the project of the Experimental Prototype Unit ZED-KIM applies new technologies of 
Renewable Energy Sources and methods of Energy Saving. 

This paper presents and describes the autonomous (off-grid) experimental house ZED-KIM 
(Zero Energy Demand - Kimmeria), located at the Campus of the Engineering School, DUTH at 
Xanthi, in Kimmeria. 

The aim of this project is to study the possibility of installing Renewable Energy Sources 
systems for power sufficiency. In the pilot house there is a hybrid system of photovoltaics and a 
wind generator. The system is connected to a monitoring system for continuous and advanced 
recording of the energy production in order to be possible the collection and the analysis of the 
experimental data. Also, a solar air collector heater is installed in order to minimize the energy 
demands for heating and to investigate its contribution in energy saving. In order to achieve useful 
and helpful data, a full year's results in energy production by RES (Jun 2015-Jun 2016) are 
presented and analyzed. 

ZED-KIM leads us to consume that even in Northern Greece housing units can be at least near 
zero energy buildings, regarding electricity demands of a mean household. 


Keywords: ZEB; RES; off-grid; hybrid systems; energy production 


1. INTRODUCTION 


Renewable energy continued to grow against the backdrop of increasing global energy 
consumption, particularly in developing countries. Globally, there is growing awareness that 
increased deployment of renewable energy (and energy efficiency) is critical for addressing climate 
change, creating new economic opportunities, and providing energy access to the billions of people 
still living without modern energy services. So, renewable energy provided an estimated 19.1% of 
global final energy consumption in 2013, and growth in capacity and generation continued to 
expand [1]. 

According to the Renewable Energy Statistics [2], there was a particularly rapid expansion in 
the output of wind and solar energy, which accounted for 10.5 % and 5.5 % respectively of the EU- 
28's renewable energy produced in 2013. 

At the same time while energy requirements are increasing continually due to technological 
development and the overpopulation of the planet, there is a concern over the adequacy of energy 
sources and the rising of the cost of energy, which play a catalytic role in the economic crisis which 
permeates the world community at the present time (world financial crisis). Over the last years 
prices of oil, natural gas and uranium have almost tripled [3], while the cost of carbon dioxide 
emissions has increased almost by 25% [4]. 
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Also, the EU Members adopt national action plans in order to achieve the target of 20-20-20 
until 2020, so as to achieve 20% more use of RES in comparison to 1990. 

According to the Directive 2010/31/EU, Energy Performance of Buildings Directive (EPBD), 
all new buildings in EU member states must be nearly-Zero Energy Buildings (nZEBs) by 2020 (for 
buildings occupied or owned by public authorities by 2018). Also, all EU member states shall draw 
up national plans such as retrofitting existing buildings to increase the number of nZEBs [5]. 
Finally, the regulation about net-metering in Greece has launched the photovoltaic systems (PV) in 
building sector, in order to cover the energy needs from RES. 

In this direction, the present study describes and analyzes data from the autonomous 
experimental house ZED-KIM (Zero Energy Demand). ZED-KIM has been developed at the 
Laboratory of Environmental and Energy Efficient Design of Buildings and Settlements. The 
aforementioned house is located in the region of Kimmeria, 4 kilometers east of the town of Xanthi. 

The aim of this research effort is the practical efficiency of R.E.S. systems and more 
specifically that of photovoltaic and wind generators as well as their contribution to the coverage of 
energy demands which may be attained by the installment of similar provisions in a mean 
household in Northern Greece, together with the prevailing climatic conditions and seasonal 
fluctuations throughout the year. 


2. METHODOLOGY: DESCRIPTION OF ZED-KIM (ZERO ENERGY DEMANDS - 
KIMMERIA) 


The prefabricated experimental house ZED-KIM, which consists of an imitation of an average 
household on a scale of 1:5, the general image of which is presented in picture 1, has been 
constructed in such a way so as to conform to bioclimatic design principles [6]. Its ground plan is 
rectangular and 20 m? in total, the house faces south with an azimuth angle of 0°. It has two 
windows, one on the south and one on the east side, which allow sun light to enter, thus increasing 
thermal energy. On the south and west sides (the most significant winds) evergreen trees have been 
planted for shade in the summer and protection in winter. At this point it is worth mentioning that 
this pilot house is very well insulated, its roof provides additional thermal insulation and sound 
proofing [7]. The roof is tilted at 42? which is considered the most appropriate slant for the latitude 
of the city of Xanthi, in order to exploit the greatest levels and intensity of solar radiation during the 
sunny months [8,9]. Six photovoltaic panels of multi- crystalline silicon (total area 6,4 m^ and 1020 
W) have been installed on the roof [10]. 

According to the climatic and techno-economic studies which were carried out in the region of 
Kimmeria, aiming at installing an ideal R.E.S. system for the area in order to cover the energy 
requirements of the application, which will exploit harmoniously both the solar and wind power of 
the area, an autonomous photovoltaic hybrid system which is also linked to the PPC Grid to line 
was installed. The whole system is a pilot one as its functioning may be either autonomous or 
connected to the central grid. More specifically, when the total stores from the renewable energy 
sources (R.E.S.) are insufficient to cover the needs of the household, then they are covered by the 
central network. On the other hand, when there is a surplus (which happens most of the time) this is 
fed into the central grid. 

Besides the photovoltaic array (1020W) as was mentioned before, another photovoltaic panel is 
installed with a two axis tracker (1100watt) with the potential of autonomous and off — feeding 
electrical rotation 120* in the direction of east — west every 20 minutes. This rotation is determined 
by a solar monitor (Figure 2). 
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Figure 3. PV array with a two axis tracker Figure 4. Wind turbine (900W) 
(1100W) 


The afore-mentioned array consists of two photovoltaic panels of multi-crystalline silicon and 
two of mono-crystalline silicon, each of the same power. Each of these systems and their different 
technologies are compared through experimental investigation of their thermal and electric 
characteristics. On the west side of the house a wind generator has been installed, which has been 
carefully studied in order to function alongside the hybrid system in connection with the 
photovoltaic modules and to help considerably in the production of energy during seasonal 
fluctuations (wattage 900watt with wind speed rotation 2.7 m/s) (Figure 3). 

The afore-mentioned array consists of two photovoltaic panels of multi-crystalline silicon and 
two of mono-crystalline silicon, each of the same power. Each of these systems and their different 
technologies are compared through experimental investigation of their thermal and electric 
characteristics. 

On the west side of the house a wind generator has been installed, which has been carefully 
studied in order to function alongside the hybrid system in connection with the photovoltaic 
modules and to help considerably in the production of energy during seasonal fluctuations (wattage 
900watt with wind speed rotation 2.7 m/s) (Figure 3). 

The total production of the installed R.E.S. (3kW) contributes to a complete system, consisting 
of 3 inverters (DC/AC), 1 charge controller linked to a storage cell system (200Ah — 12V) and 1 
control unit which records data which communicate with the computer. 

Finally, it is worth noting that in the ZED-KIM a complete system has been installed to follow 
and record meteorological conditions, which can be seen on the left and right side of the house 
(Figure 1). This system consists of a wind cup anemometer, rain gauge, temperature and humidity 
gauge, barometer, two pyranometers to measure total solar radiation and one pyranometer with a 
shadow ring to measure the intensity of diffuse solar radiation. 
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Figure 5. Recording and storage cell system 


3. RESULTS AND DISCUSSION 
According to the data collected, which are the results of yearly measurements, Table 1 presents an 
analytical monthly and yearly production of energy, a total figure and a figure for each renewable 


source of energy installed in the ZED-KIM house. 


Table 1. Monthly and yearly production of electrical energy 


Rotating PV Steady PV Total PV W/G Total 

(kWh) (kWh) (kWh) (kWh) (kWh) 

Jan 79.03 70.63 149.66 67.02 216.68 
Feb 77.03 88.54 165.57 77.80 243.37 
Mar 94.30 80.56 174.86 110.82 285.68 
Apr 144.09 117.79 261.88 31.58 293.46 
May 171.42 130.44 301.86 28.71 330.57 
Jun 154.81 111.82 266.63 96.41 363.04 
Jul 201.12 147.04 348.16 60.42 408.58 
Aug 191.11 153.20 344.30 98.99 443.29 
Sep 143.47 123.91 267.38 89.73 357.11 
Oct 111.49 100.36 211.85 124.20 336.05 
Nov 105.59 100.75 206.34 36.90 243.24 
Dec 96.00 104.97 200.98 70.58 271.55 
Total 1569.44 1330.03 2899.47 893.15 3792.61 

(kWh/year) 


The total electrical energy which is collected and used by the system yearly is in the range of 
3793 kWh, within which the rotating two axis photovoltaic tracker produces 1570 kWh, the 
photovoltaic array on the roof produces 1330 kWh while the wind generator produces 893 kWh. 

In Figure 5 there is an association of the total produced energy of the system per month, with the 
corresponding total of the photovoltaics and wind generator. 
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Figure 6. Monthly production of electrical energy 2015 


In Figure 6 the total electrical energy from the installed R.E.S. is presented per month. 
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Figure 7. Monthly production of electrical energy of each R.E.S. 


As presented in Table 2 which follows, the minimum total energy produced by the system per 
day ranges between 7.3 to 9.5 kWh during the winter, while the largest amount ever recorded 
reaches 14.3 kWh during days with a high level of solar radiation and strong winds. 


13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


851 


In Table 3 which follows, the percentages of total energy as well as the energy produced by 


Month Rotating Steady PV production W/G Total 
PV PV (kWh) (kWh) production 
(kW) (1kW) (kWh) 
(kWh) (kWh) 
January 2.5 2.4 4.9 2.4 7.3 
February 3.6 3.5 7.1 2.4 9.5 
March 3.3 2.8 6.1 3.75 9.85 
April 5.0 4.2 9.2 0.75 9.95 
May 5.5 4.2 9.7 0.9 10.6 
June 32 3.7 8.9 3.15 12.05 
July 6.0 4.5 10.5 1.95 12.45 
August 6.2 4.9 11.1 3.15 14.25 
September 4.8 4.1 8.9 3.0 11.9 
October 3.6 3:2 6.8 4.05 10.85 
November 3.5 3.4 6.9 1.2 8.1 
December 3.2 2.9 6.1 2.1 8.2 


each installed R.E.S. system in the ZED-KIM house, are presented on a monthly and yearly basis. 


Table 2. Daily produced electrical energy 


Table 3. Percentage of produced electrical energy 2015 


Month Rotating PV Steady PV Total PV W/G 
Jan 36.5% 32.6% 69.1% 30.9% 
Feb 31.6% 36.4% 68.0% 32.0% 
Mar 33.0% 28.2% 61.2% 38.8% 
Apr 49.1% 40.1% 89.2% 10.8% 
May 51.9% 39.5% 91.3% 8.7% 
Jun 42.6% 30.8% 73.4% 26.6% 
Jul 49.2% 36.0% 85.2% 14.8% 
Aug 43.1% 34.6% 71.7% 22.3% 
Sep 40.2% 34.7% 74.9% 25.1% 
Oct 33.2% 29.9% 63.0% 37.0% 
Nov 43.4% 41.4% 84.8% 15.2% 
Dec 35.4% 38.7% 74.0% 26.0% 

Total (KWh/year) 41.4% 35.1% 76.5% 23.5% 


Of the total electrical production approximately 76.5% stems from the installed photovoltaic 
systems (41.4% rotating PV, 35% steady PV) while 23.5% is from the wind generator. During the 
winter period when it is very cloudy or when there are strong winds, the contribution to the 
production of electrical energy made by the photovoltaics is reduced to 30%. A significant merit of 
electrical energy during this period, comes from the wind generator (32%). During the summer, 
however, the aforementioned situation is more intense, and the photovoltaics produce 91% of the 
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energy, limiting the contribution of the wind generator to an amount of 9%. The above results are 
presented in Figure 7. 
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Figure 8. Percentage production of electrical energy from each R.E.S. 


Yearly Energy Production (96) 


Figure 9. Percentage of yearly energy production from each RES 


At this point, it is worth mentioning and analyzing the difference in the levels of electrical 
production of the rotating and fixed photovoltaic arrays. During the summer months when the two 
systems are exposed to high levels of solar energy, a dominance of the rotating PV array is noted, 
against the amount of the fixed PV array (2596) which corresponds to about 45kWh a month 
production of electrical energy [10,11]. The above phenomenon is noted in a smaller scale during 
low levels of solar radiation (the winter period). This is due to the fact that the produced wattage 
from each photovoltaic cell, depends significantly on the produced intense of electrical current 
which relates directly to solar radiation. In contrast, voltage increases with the slightest exposure to 
low level solar radiation [12]. Thus, due to the fact that during the winter months diffuse solar 
radiation dominates to a great extent, which falls upon the two photovoltaic systems at the same 
level independent of the azimuth angle from the south, it has been noted that the percentage of 
energy production between the rotating PV array and the steady PV array installed in the ZED-KIM 
is smaller than in the summer period (25%). 


4. CONCLUSIONS 
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According to the data presented in this research it can be stated that if the results of the pilot house 
(scale 1:5) are transferred into reality and photovoltaic arrays 5 times more (- 10kW) and wind 
generator of 1.5 times more (~1.5 kW), the power are installed, with a yearly total production of 
3793 kWh the following will occur: In an average household of 4-5 people with a house of 100 m? 
and appropriate insulation, in difficult climatic conditions such as in Northern Greece, 15837kWh 
of energy are expected to be produced yearly. This will exceed the needs of an average household 
and the surplus energy may be sold back to the PPC (0.11 €/kWh). From the above it can be easily 
acknowledgment that for the covering of the aforementioned needs 5000 kWh yearly are required, a 
system's payback period is of 10 years, with today's market prices and no tax-free purchase, with 
considerable reduction in the forthcoming years as R.E.S. technology develops and improves. In 
figure 8 which follows, the cumulative cash flows and the payback period are presented in a 30-year 
basis. 
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Figure 8. Cumulative cash flows graph 


Furthermore, it has been shown that the city of Xanthi which is located in Northern Greece, has 
high solar and wind potential which makes it suitable for the installation of hybrid systems. These 
systems can exploit the north-eastern Greece wind and solar potential towards satisfactory electrical 
production throughout the unstable weather patterns yearly. 

Finally, it has been proved that photovoltaic arrays in two axis tracker, increase the yearly 
electrical production by 2796 compared to those that are placed at a steady angle, equal to the 
latitude of the place. This percentage exceeds 25% during the summer months. 
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Abstract 


In response to pressing housing issues arising due to the current refugee crisis we examine 
sustainable pre-fabricated housing solutions, developed in Greece during the past few years. 
Individual issues addressed include the prefabrication process in relation to the psychological state 
of the residents to be, a sustainable approach to the design and fabrication process and the energy 
needs of the housing units in correlation with providing comfort conditions for the inhabitants. In 
any case, the aim of a pre-fabricated unit, as we are describing it in this paper, is to be an example 
of bioclimatic human-oriented design. 


Keywords: disaster relief; prefabrication; mass customization; sustainability; housing units 


1. INTRODUCTION 


The current refugee crisis is a major issue related to both socio-cultural and environmental issues. 
The relocation of large populations raises -among others- pressing housing issues. In this paper we 
attempt to face the complex problems arising by proposing sustainable pre-fabricated housing 
solutions for the affected. Main area of interest is the Mediterranean basin, specifically the eastern 
region of it, as a place carrying the burden of the refugee crisis. The prevailing climate and 
vernacular architectural are taken into account, as well as the varying and even conflicting lifestyle 
of the residents of the area and the residents to be. 

Simultaneously, energy needs worldwide are growing rapidly, as the building sector continuous 
to grow without taking into account the energy consumed throughout the life cycle of a building. 
According to evidence, the rate of energy consumption in buildings is estimated at 47 96 globally. 
[1] In our days, it is obvious that there is need for eco -friendly building, due to the increasing 
environmental degradation. Concerns on the subject include the reduction of environmental 
problems arising both during construction and operation of buildings, addressing mainly the issue 
of reduction of energy consumption. The aforementioned, plus the interest on natural building, low 
cost construction and maintenance of buildings have been strong incentives to conduct this study. 

A prefabricated unit, has specific requirements, varying from those of a permanent structure, 
such as portability, low weight and —in most cases- low cost. The reference to the house with the 
word "unit" is deliberate, because it is perceived as the product of an industrialized process 
(prefabrication) and not as a unique architectural creation. The aim of this paper is to present some 
projects regarding prefabricated eco-housing units, based on several projects, developed in Greece 
during the past years. Issues raised, address three main topics of interest, a) the very idea of 
prefabrication in relation to the comfort needs of the inhabitants, b) embodied energy of the housing 
unit, meaning a sustainable approach of all stages of design and fabrication and c) autonomous 
operation of the unit, concerning its energy needs, along with providing comfort conditions for the 
inhabitants. 
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2. MATERIALS AND METHODS 


As aforementioned there are three main topics investigated in the present paper. The process 
following includes the approach to each through the presentation of an individual paradigm of pre- 
fabricated housing unit and the process of its design and evaluation. Main aim is to sum up all the 
elements and qualities needed for an integrated design process to achieve the best possible solution 
for the problem of sustainable emergency housing. 

The first issue is related to the very idea of prefabricated dwellings in relation to the struggle of 
providing comfort conditions to the inhabitants. This issue can be addressed by facing the design 
process with a focus on human needs. The main target-group of pre-fabricated housing units is 
people of low income or victims of —natural and manmade- disasters. The goal is to design a cheap 
and easily prefabricated and assembled unit that can meet the housing needs of any inhabitant, from 
a single person to an extended family. As a consequence, placing special emphasis on methodology 
is vital in order to ensure the possibility of appropriation of space. 

The issue of ensuring a low amount of embodied energy in the final housing unit can be 
addressed through the choice of materials and fabrication techniques, along with the process of on- 
site assembly. Eco-friendly and recyclable and/or recycled materials can be used on the making of 
the unit. With a proper organization of the fabrication process, material waste and energy needs can 
be minimized. Additionally, provision concerning the transportation of the unit components is 
essential, as the fabrication and the assembly place can be miles away from each other. As for the 
assembly procedure, it must be as simple as possible, with a minimum use of effort and extras, such 
as adhesives and coatings. In the case of using extra materials, the design can encourage the use of 
those available locally, ideally on site. The issue of autonomous operation can be addressed through 
the consideration, during the design process, of the climate of the area where the unit should be 
installed and also the proper choice of materials, passive and active systems. 

It is vividly clear that taking into consideration the local climate conditions of the area in which 
the housing unit is going to be installed, along with the proper choice of building materials and 
passive —and active- systems, is crucial for the comfort conditions provided in relation to the energy 
consumption. In other words, thermal comfort in any climate should be provided to the inhabitants 
with the help of thermal mass and the use of sun to raise the air temperature and ventilation to 
reduce it. Electricity needs can be —in most cases- easily provided by renewable energy sources, 
such as wind turbines and solar panels. Managing the water is another key issue, on the autonomous 
function of the housing unit 


3. RESULTS AND DISCUSSION 


An emergency housing unit should be the reintegration tool in social life. Consequently, the new 
residence should meet one's individual needs as the first step to restore the routine. The 
participatory process of creating the house, through the completion of questionnaires, increases 
creativity and removes the sense of temporary. In any case, the goal of a pre-fabricated unit, as we 
are describing it on this paper, is to establish principles concerning respect for the environment and 
the landscape, man and nature, the reduction of energy consumption and sustainability in general. 


3.1 Mass customization 

The project presented in this paper, which demonstrates a deep human-focused approach, is entitled 
"Emergency management in the area of Mediterranean Sea. Mass customization in disaster relief 
sheltering through activity based design", a diploma thesis by Alexopoulou Efstratia and Roupa 
Eleni at the Technical University of Crete, Faculty of Architecture, completed in 2012 with the 
supervision of Dr. Oungrinis and Dr. Giannoudis. [2] In this approach there was no focus on solving 
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technical issues or estimating financial data, issues which undoubtedly have increased importance 
in the field of emergency housing. The main concern was the quality of the habitation space itself, 
in the terms of quick and easy appropriation of the space, focusing on the customization of the 
prototypes, thus challenging the idea of a prefabricated house as a compact unit. Through the 
process formed, the future user of the house is given the opportunity to select the spaces to compose 
their new residence. The union of these space vessels leads to the assembly of the residence, which 
is unique and claims to fulfil the individual needs of each user. 

The questionnaires, which form the main part of the process of individuation of housing, are 
divided in four groups according to the age of the person filling (children, teenagers, adults and 
elderly). Through questionnaires, the people asked are given the opportunity to choose activities 
that they used to have in their former area of habitation or would like to have and the kind of space 
they prefer for those activities. They are also asked to fill an estimated daily schedule, i.e. to record 
a typical day. Based on the four-group division (according to age) the activities carried out in a 
house are examined and related to qualities such as posture, tension, etc., as shown in Figure 1. 
Then, based on the above, activities are mapped to spatial qualities as section sketches, which again 
vary by age group. Finally a pivot table of sketches of individual spaces is created. 
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Figure 1. Above: Sample of the table referring to adolescents, displaying the relation 
between activities and space qualities. Bellow: Sample of the pivot table combining activities 
and spatial sections. [2] 


On the third phase of the project, some habitation scenarios are formed, in order to demonstrate 
the process required -beginning from the questionnaire- to customize the housing unit to be formed. 
The scenarios are diverse enough to present the capability of customization, the individuality of 
each unit. One of the scenarios is presented on a more detailed scale to demonstrate some of the 
technical issues addressed and the choice of materials. Parts of this illustrated process can be seen in 
Figure 2. 
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Figure 2. A habitation scenario and a 3d model of a housing unit. [2] 


3.2 Sustainable approach to design and energy self-efficiency 

Investigating the sustainability of a prefabricated dwelling both during its manufacturing /assembly 
and operation phases, we base our arguments on a study first begun in 1974 by Dr. Kosmopoulos P. 
[3] concerning a prefabricated modular housing unit, and its variations over the years. Le. in 2007 
Dimitris Voutsas [4] worked further on the project in the framework of his diploma thesis with the 
supervision of Dr. Kosmopoulos P., adjusting it to the modern needs, utilizing environmentally 
friendly materials and building /fabrication techniques. In 2011 Andri Achilleos [5] emphasized on 
the environmental assessment of the unit, comparing its performance in varying climates. The key 
objectives set for the design of the unit are: a) use of recyclable, environmentally friendly materials, 
b) a comfortable temperature in any climate, c) generating electricity by using renewable energy 
sources and d) collecting rainwater. 

The design of the units is based on the principles of bioclimatic design and the principles 
underlying prefabrication, such as the capability to be easily transferred and the low weight of the 
whole structure, also there are a finite number of prefabricated elements that can be combined to 
synthesize diverse types of units. The prefabricated components of the unit, as shown in Figure 3, 
are made at the factory, but assembled on site. Thus, the modules can be easily transported in the 
field by truck, ship or helicopter due to low weight and volume. 

The housing unit consists of two modular types demonstrated in Figure 4. Module 1 has a free 
plan, while module 2 acts as a binding unit, giving freedom of choice in the configuration of the 
partitions. Module 2 also has the ability to operate also as a small patio given roof openings. The 
dividing walls between units are Trombe walls with lockers, to accumulate thermal mass thus 
exploiting solar radiation by the small patio and conservatory, which thanks to vents, allow air 
circulation among spaces. The bathroom is a separate unit with integrated hydraulic and electrical 
systems and external sockets for connection, and so is the kitchen. The whole structure is mounted 
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on a metal steel frame elevated from the ground. In the Figures 5 a typical plan and section of a unit 


formation i presented. 
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Figure 3. Prefabricated components and variety of forms that can be achieved. [5] 


Figure 5. Plan (left) and section of the housing unit. [5] 


The project described above claims to be environmentally friendly in all stages of its life cycle, 
with a minimum of disturbance to the natural environment during construction and low emissions. 
Environmentally friendly reusable materials are used in the unit. The frame of the unit is made of 
steel elements, which beyond their primary role as structural elements, serve as guides for the 
electrical wiring. The walls, floors and ceilings are made from recycled aluminium and insulated 
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with mineral wool; they also incorporate a double operation concerning both energy and structure. 
Those elements are not compact, but they have a honeycomb structure, to ensure low weight 
structural strength (stiffness) and good energy performance. The prefabricated units can be easily 
carried in the field or by truck or helicopter because of their low weight. 

For the construction and operation of the units in general, advanced materials are largely used, 
such as photovoltaic thin film, which is effective to diffuse illumination in contrast to conventional 
ones and photochromic glasses whose optical characteristics vary with the incident solar radiation. 
Also, aerogel has been used as an insulation material due to its porous and extremely lightweight 
structure. Furthermore water filters and CO2 filters were used, and also nano-coatings to create 
hydrophobic surfaces for maximum collection of water, self- cleaning of the outer surfaces and 
protection of metal components to prevent rust and scratches. 

In more detail, the main facade of the unit is facing south in order to utilize the solar radiation. 
It is made from double glazing and aluminium frame and provides passive solar gains, natural 
ventilation and lighting. In the south side there is an attached greenhouse to obtain direct solar 
gains. [6] Shading is achieved by using external louvers. Also, balconies can be converted into 
semi-enclosed spaces adapting translucent photovoltaic panels, blinds and shades. Both on the west 
and the east face photochromic glasses are placed. Photochromic glass is also used for the roof 
openings. Additionally, photovoltaic panels are attached to the roof and photovoltaic thin film on 
the south, west and east sides, contributing to hot water production. There is also a wind turbine 
mounted on a metal pole above the roof (horizontal axis wind turbine). Rainwater is collected by 
means of gutters and filtered through pipes in the tank below the house with special filters. There is 
also a water reuse system. Second use takes place in the greenhouse and third time on the toilet. 
Externally facades are planted thus providing extra insulation and the possibility of planting edible 
plants. In Figure 7 two variations of the prefabricated unit are demonstrated in 3d model. 


Figure 7. North, south and top view of the housing unit (left). 
General views of the housing unit (right). 
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3.3 Environmental assessment 

The environmental assessment of the unit and its performance can be tested by using various 
multicriterion decision methods. In this case, the unit presented in the previous section of the paper 
was tested on software to determine the overall picture of the operation of the unit, and provided 
excellent results of heat gains, thermal comfort and energy efficiency. Main software used for the 
assessment was K-Eco, developed by Dr. Panos Kosmopoulos. It is a user friendly program which 
fulfils all the requirements that should be met for modern software. Moreover, the results were 
confirmed by already widely used software such as Retscreen and Ecotect. 

The environmental assessment of the shed was based on the climatic data of Xanthi (city in 
north -east Greece) and Cyprus in order to ensure that the unit can respond as effectively in both 
climates. The thermophysical characteristics of the materials used are indicated in Table 1. The 
heating requirements to achieve thermal comfort are much greater in the case of Xanthi, while the 
opposite happens for the cooling requirements. Big difference in heating requirements are presented 
during the winter months November -December -January. The calculation of the heating 
requirements, derived from total heat load from lighting, humans and devices for each month. 
Based on the results it is shown that the target was achieved as the housing unit works almost as 
effectively in the two different climatic conditions. In each case the cottage belongs to the category 
A and A+ respectively, as can be seen in Figure 8. The shed seems to be operating more efficiently 
in the climatic conditions of Cyprus, but with little difference. It is important to note that it proved 
effective without taking into account the planted facades as well as the optimization of microclimate 
achieved with the surrounding planting. 


Table 1. Thermophysical characteristics of the materials used on the unit. 


Panel Thermal conductivity Thickness Density Specific heat 
material (W/(mK)) (cm) (Kg/m3) 
metal - 160 1 1800 0,896 
aluminum 
Compressed 0,102 6 379 0,38 
straw 
aerogel 0,03 7 3000 0,5 
Compressed 0,102 6 379 0,38 
straw 
metal - 160 1 1800 0,896 
aluminum 
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Figure 8. Environmental assessment of the energy identity and behavior of the housing unit 
based on the climatic data in Cyprus and Xanthi. [5] 
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4. CONCLUSIONS 


The potentiality of prefabrication of housing units in a large scale will contribute to a rapid and 
economic solution to meet housing needs resulting from natural and manmade disasters, such as the 
current refugee crisis. Prefabricated dwellings can be used to cover temporary or more permanent 
housing needs such as in case of natural disasters. They can even be used to create pilot villages, 
parks or have other applications e.g. stations -workshops -observatories in remote areas, due to the 
autonomy and ease of transport and installation. Moreover they can be an environmentally friendly 
solution, with lower energy consumption and less harmful emissions to the environment, 
throughout their life cycle. 

In any case, and most importantly in an emergency situation, the provided dwelling should not 
feel uncanny, but should be the means of reintegration into social life. In our view, the quick 
appropriation of the new residence, will occur if it can meet the personal needs of the habitant and 
be the first step to restore the rhythms of a pleasant daily routine. The participatory process of 
creating the dwelling, by completing questionnaires, increases creativity and removes all sense of 
temporary housing, which gives no room for appropriation. 

The issues of sustainable approach of the fabrication and assembly process and the autonomous 
operation of the unit can be addressed simultaneously, by conducting a life cycle assessment. 
Bioclimatic behaviour of the housing unit —including the provision of thermal comfort conditions in 
any climate- can be achieved through the utilization of thermal mass, and the sun to raise the air 
temperature and ventilation to reduce it. Also, the isolation of rooms is desired for controlling the 
flow of temperature. Utilization of renewable energy systems (solar panels, wind turbines, 
photovoltaic thin film) contribute to meet the energy needs of the unit and to achieve self- 
sufficiency and independence from fossil fuels -if possible, or at least to minimize their use. 
Managing the water is another key issue, on the autonomous function of the housing unit. 
Collection and use of rainwater for household activities (watering, cleaning, etc.) can reduce water 
consumption. In the proposal described, separate pumps are used for drinking water and water for 
washing and reuse of water. Collecting rainwater should also be included. Facility of composting 
and recycling is also desired in the plant. In any case, the basic aim is to provide thermal comfort to 
the inhabitants and be environmentally adaptive in a relatively wide range of climatic conditions. 
The target of the presented projects is a bioclimatic human-oriented design, a pre-fabricated housing 
unit establishing principles concerning respect for the environment and the landscape, the reduction 
of energy consumption and sustainability in general, and most of all, providing immediate comfort 
conditions when and where needed. The combination of prefabrication, bioclimatic design, 
technology and the use of superior materials for green buildings lead to energy efficient 
construction, long time durability and ease of transportation and adjustment in minimum time. A 
flexible, sustainable and energy- independent housing unit of rapid development that can respond as 
effectively in different climatic data both now and in the future is a solution to reduce the energy 
consumption of the building sector. After all the global climate change phenomenon is something 
we already experience and is in many cases reason for natural disasters creating homeless people. 
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Abstract 


Many of the principles of bioclimatic design were the cornerstone of the building during the ancient 
times and the Byzantine era. Also, these principles are found in many traditional settlements in 
Greece. It is extremely important that the principles of green building identified in the past 
structures are able to adapt to modern needs. In the present work there is ab initio design based on 
the principles of bioclimatic architecture in a modern two-storey building, which has features of 
traditional Macedonian architecture. 


Keywords: traditional architecture; Macedonian | architecture; Trombe wall; greenhouse; 
bioclimatic design. 


1. INTRODUCTION 


Since ancient times there have been reports on the subject of bioclimatic design in the sense of the 
ideal home. The one that provides breeze in summer and warmth in winter [1]. 

Modern needs dictate more spacious houses with large openings in the facades, which are 
opposed to traditional high thermal mass houses with small openings. Of course, the technology and 
morphology of the past could not be duplicated today, however, can provide important information 
in modern design. The principles of green building identified in the past structures are able to adapt 
to modern needs. 

The choice of the location is the starting point of the construction of traditional settlements and 
housing. The settlements in the continental parts of the Mediterranean develop on the southern 
slopes of the mountains, so as to the mountain behind them to function as an inhibitor to the 
northern winds, while the openings of the houses are facing south [2]. 

Although there are local variations in shape, certain basic features are identified in a 
Macedonian house. The form of its floor plan in the shape of "II" creates a central recess, "liakoto", 
facing directly south. However, the ridge of the house with a roof is rectangular, ensuring the 
required shading of "liakoto" during summer. Often there is a space attached to the volume of the 
building or a corridor on the first floor, enclosed by glass windows. In winter the glazing is closed 
and the area functions as a greenhouse while in summer, it is open and the area functions as a semi- 
outdoor space that protects the south side of the building from the sun. The heating during the night 
is achieved by the fireplace in each room, which is usually placed on the north side, so that the 
generated heat can directly outweigh the cold which is normally present in this side [3]. 

The capacity of color to act absorbent or reflective depending on its intensity, saturation and 
brightness appears to be very old knowledge, which was developed very early in buildings. In the 
northern parts of the mainland one encounters warmer, heat absorbing colours on facades of 
buildings, such as ocher and terracotta, with a typical example that survives to this day the 
monasteries of Mount Athos [4]. 
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In Europe, the building sector is responsible for the 40% of the total energy consumption and 
the 36% of CO; emissions. The European Union created the directive EPBD for the energy 
efficiency of buildings, aiming at a 2096 reduction of greenhouse gas emissions, energy saving and 
increasing of RES (Renewable Energy Sources) by 2020 [4]. 

The objective of this study is to initially design a building of modern requirements (as a typical 
house of a residential complex in the area of Eastern Macedonia), respecting the local traditional 
architecture, while using bioclimatic design principles. Passive systems were designed and attached 
to the south side of the building after studying the climatic and environmental conditions in Eastern 
Macedonia. 


2. MATERIALS AND METHODS 


2.1 House orientation 

The Greek traditional house is constructed having as a rule the southeast orientation, which is 
considered the ideal orientation (especially for the geographical location of Greece) in order to 
utilize the sun. In the south it is appropriate to locate the most important functions and those rooms 
in which the residents spend most of their time (for example the siting of the daily living room is 
appropriate). Thus, it remains cool in summer, since the rays are high and can be easily prevented 
with a simple shelter. Furthermore, the arrangement of the additional volumes of the building is 
such as to create shady corners (protection during summer months). On the contrary, in winter the 
sun's rays are low on the horizon and thus enter deep into the interior space heating and illuminating 
the rooms. Finally, with reference to the largest side of the building, it should be oriented to the 
south with a deviation of 15 degrees (east or west). The specific house is a two-storey traditional 
building with Macedonian influence with a siting of interiors that utilises each part of the house for 
the use intended. It has an elongated shape in the east-west axis, thus providing more surface area to 
the south for the collection of solar heat during the winter months [5]. 


2.2 Sheltering 

The sheltering of the building under study was done with a small sloping roof with a small angle of 
inclination and ends in a cornice around the building, which protects the exterior walls of the 
building from rain (Figure 2 and Figure 4). The windows are shaded with the shutters open so that 
light enters while they can remain open in order to the interior of the building be ventilated. A 
properly insulated roof enhances the aesthetics of the house and introduces a number of benefits 
having the tile as the protagonist material. First of all, the tile is impervious to water. Moreover, it is 
capable of breathing and is non-combustible. Finally, it shows sufficiently high radiation and 
outside temperature capacity, forming for centuries a traditional way of sheltering [5]. 


2.3 Layout of spaces 

The house meets the general principle of bioclimatic design, which places the South side of the 
building to use passive solar heating, while the North for protection from the wind and stopping the 
heat. So, on the north side, which is cooler and requires greater protection from strong winds, the 
rooms are spaces with a few hours use (e.g. storage, bathroom and guestroom) and secondary 
spaces that function as a protection zone from cold winds and stop heat loss of the main areas of 
use. On the other hand, in the southern (and therefore warmer sides of the building) the most 
residential spaces are placed, that is main use areas (e.g. living room) (Figure 1 and Figure 2). The 
architecture (e.g. connection of sides, openings) and the siting of the rooms of the residence are not 
the only elements that make it unique because it simultaneously has passive systems such as a 
Trombe wall and a greenhouse, designed to give a part of energy independence and saving (Figure 
3 and Figure 4). 
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Figure 2. First floor plan view. 
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2.4 Openings 

Large openings to the south, moderate in eastern and western side and smaller to the north are 
proposed. The largest openings should be oriented to the south while respectively on the north side 
of the building there should be solid walls and the smallest possible openings. The northern 
openings of the building should definitely be present, as they provide adequate lighting and through 
ventilation (mainly in the direction north-south), while they operate as thermal insulation (reduce 
heat loss). The through-ventilation provides natural cooling in the summer months. 


Figure . 4. East view. 


2.6 Dimensioning of southern openings 

Considering the relation between the outside temperature and the openings and knowing at the same 
time the average external temperature of the region (4.5 degrees Celsius), a range was created 
within the area of the openings will vary, by multiplying the area of each space with its coefficients 
(Table 1). Using coefficients from semi-empirical formulas [6], the results are: 


Living Room, Dining Room, Kitchen Area = 50.48 

Minimum Opening Size of Living Room, Dining Room, Kitchen = 50.48m? x 0.13 = 6.56 m? 
Maximum Opening Size of Living Room, Dining Room, Kitchen = 50.48m x 0.21 = 10.60 m? 
6.56 « Opening Area «10.60 


Minimum Opening Length of Living Room, Dining Room, Kitchen = 6.56 / 2.20 = 2.98 
Maximum Opening Length of Living Room, Dining Room, Kitchen = 10.60 / 2.20 = 4.82 
2.98 «Opening Length «4.82 
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Table 1. Relation between average outdoor temperature in winter and openings 


Average outdoor temperature (^C) Opening Area/floor plan unit 
1.7 0.16 - 0.25 
4.5 0.13 - 0.21 
7.2 0.11 - 1.17 


2.7 Pre-dimensioning of Trombe wall 

The determination of the Trombe wall area results from its relation with the average outdoor 
temperature. Using Table 2 [7], in conjunction with the present outdoor temperature of the region 
(4.5 degrees Celsius), the following results come up: 


Living Room, Dining Room, Kitchen Area = 50.48 

Minimum Area of Trombe Wall in the Living Room, Dining Room, Kitchen 
-5048m^x028 = 14.13 m? 

Maximum Area of Trombe Wall in the Living Room, Dining Room, Kitchen 
= 50.48m" x 0.46 = 23.22 m? 

14.13 « Trombe Wall Area «23.22 


Minimum Length of Trombe Wall in the Living Room, Dining Room, Kitchen 
= 14.13 / 3.00 = 4.71 

Maximum Length of Trombe Wall in the Living Room, Dining Room, Kitchen 
= 23.22 / 3.00 = 7.74 

4.7] < Trombe Wall Length «7.74 


Table 2. Trombe wall area per 1m? indoor surface according to the average winter temperature 
p g g p 


Average outdoor temperature (°C) Opening Area/floor plan unit 
-1 0.43 — 0.78 
4.5 0.28 — 0.46 


2.8 Pre-dimensioning of the greenhouse 

The dimensions of the greenhouse are also subject to the climatic conditions of the region, that is, 
the average outdoor temperature prevailing in winter (4.5 degrees Celsius). According to Table 3 
[7], the following results come up: 


Area of the south thermal zone = 50.48 

Minimum Area of Glazing = 50.48m? x 0.40 = 20.19 m? 
Maximum Area of Glazing = 50.48m" x 0.70 = 35.40 m 
20.19 «Glazing Area «35.40 


The pre-dimensioning here was not done separately for each room as in the openings and 
Trombe walls because the space is united with free air flow. 
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Table 3. Glazing area (m?) for 1m? indoor surface combined with thermal storage wall according to 
the average winter temperature 


Average outdoor temperature (^C) Opening Area/floor plan unit 
-1 0.65-1.15 
4.5 0.40 — 0.70 


3. RESULTS AND DISCUSSION 


3.1 Passive heating and cooling systems 

Passive heating and cooling systems utilize natural energy sources, sun, wind, soil, to heat or cool 
the building without the interference of mechanical means. Their function is based on the energy 
exchange with the environment and includes the appropriate storage and distribution of energy 
within the spaces. Passive systems are components of the building and are included in bioclimatic 
design. 

The system of direct solar benefit is simple in structure and function. It consists of a closed 
space, serving living or working needs, from the south glazing of which solar radiation is collected 
and in the spatial mass the heat is stored [5]. 

To operate properly the system of direct solar benefit there should be a well-structured 
composition of certain elements. The space should, therefore, has dimensions and proportions to 
allow sunlight to penetrate in a major part. The glazing should have features that allow the 
necessary solar annuity during the day in winter, reduce the heat losses during the night, and do not 
lead to overheating of the area in the summer. [8] Finally, the thermal storage mass should be 
sufficient to absorb the excess heat during the day and return it in the space at night or when there 
are clouds. 


3.2 Efficiency requirements of passive systems 

The proper orientation of the buildings is a prerequisite for the use of solar energy and for their 
heating. The southern orientation offers the best potential for the exploitation of solar energy by 
ensuring more effective insolation hours in winter and at the same time the possibility of shading in 
summer. 

The biggest problem for effective implementation of passive systems occurs in large urban 
centers, and more generally in dense areas, in relation to the siting of buildings on the land, the 
orientation and the shading from the opposite buildings. For this reason, it is understood that there 
is no such thing as bioclimatic design of a building but bioclimatic design of a settlement. 

By thermal analysis carried out in buildings with passive solar systems attached to the side 
using software (Ecotect Analysis 2011), with proper indoor arrangement and seamless southern 
insolation, it is known that saving for cooling can be up to 28% [9] and for heating up to 27.5% 
[10]. The reduction of thermal needs for heating and cooling is even more impressive, if only the 
living rooms and bedrooms on the south side are considered, where the total saving is up to 4596 
[9]. 

Even with the attachment of the greenhouse and Trombe walls that were applied in this study, 
it is not possible to have energy independence throughout the year with the present architectural 
concepts in terms of volumes and the size of the openings. For this reason, the use of RES is 
proposed to cover the additional energy requirements. 

One suggestion is the shades are of PV modules [11] or even a part of the roof could be 
covered with solar panels, offering electricity from the sun and heat insulation to the building [12]. 
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4. CONCLUSIONS 


In conclusion there could be a combination of traditional architecture and specifically the traditional 
Macedonian in a contemporary bioclimatic building. It could be said that the solutions to the 
problem of energy saving in the building sector derive from the past. The addition of passive 
systems such as Trombe wall and greenhouse, with appropriate design based on the climatic 
characteristics of the region, can save energy for heating up to 46.6% as well as cooling up to 
39.5% for the southern thermal zones, while maintaining the traditional architecture elements. 
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Abstract 


The urban planning, the buildings and the covering materials of all surfaces, the distance between 
adjacent buildings, the height and the orientation of the buildings are some of the factors which 
affect the comfort conditions in the city. 

This paper presents a project that aims at investigating the influence of urban developments in 
microclimatic conditions. The purpose of the research is to investigate how the characteristics of the 
built environment contribute the microclimatic conditions. 

A number of experimental procedures were carried out. The gathered data came from two 
different study areas in the urban center of Thessaloniki, so as the geometric characteristics (eg 
H/W ratio), the morphology and the construction materials to be different. The research analyses 
how the microclimate parameters are affected by the urban geometry and construction materials. 
The study focuses at the variation of air temperature, surface temperature, wind speed and wind 
direction on a 24 h basis within urban canyons. Also, the research studies the correlation between 
microclimatic parameters and the geometric characteristics of urban morphology. 

The results of the analysis conclude that the surface temperatures and microclimatic conditions 
are differentiated along the streets, on different heights and orientations, and also according to urban 
planning. The results of the investigation could contribute at the optimum design solutions in 
response to climatic changes, and toward the sustainable development of the contemporary cities. 


Keywords: microclimate; urban centers; surface temperature. 


1. INTRODUCTION 


The covered and construction materials in contemporary cities and the urban geometrical 
characteristics affect the microclimatic conditions inside the urban centers [1]. The radiant balance 
of the urban space, the convective heat exchange between the ground and the buildings, the air 
flowing above the urban area and the heat generation within the city [2][3] increase the air 
temperature in the city. The city had the capacity to modify local climate, and even created 
environmental conditions that could be regarded an urban microclimate [4][5]. According to Wong 
et al., there are three elements that affect urban temperature on a local scale: buildings, green 
spaces, and pavement [6]. 

In previous studies the microclimatic conditions in urban canyons are analyzed [7][8]. The 
present paper study the thermal behaviour of vertical surfaces in urban canyons, the air temperature, 
the correlation between them and the effect of H/W in microclimatic conditions. 
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2. METHODOLOGY 


A number of experimental procedures were carried out in order to investigate the effect of urban 
planning on microclimatic conditions. The first study area is located in the urban center of 
Thessaloniki, Greece in the crossway Metropoleos and Agias Sofias Street, and it consists of high 
building blocks. The second study area is located in Triandria, Thessaloniki, Greece (Figure 1) and 
it consists of high building blocks for residential use. It is adjacent to the urban center of the city. 


MP:STrk 
MP:5TrW 
MP:23TrW 


West-S 


Figure 1: Study area in Urban Center of Thessaloniki, Greece (created with SketchUp) 


Data from different measurement points along the streets, from different heights and orientation 
were collected. The data gathered investigate the variation of Surface Temperature (Tsurr) on a 24 
hours’ basis and Air Temperature (Tair). The measurements took place during all seasons of the 
year. The field surveys involve surface temperature measurements by a thermal camera and 
microclimatic monitoring with portable mini-weather stations. The mini weather stations for 
monitoring the microclimatic conditions were placed in specific fixed Measurements Points (MP) in 
the study area, in different heights along the street. In present paper the research is focused in Air 
Temperature. Also, data from one local meteorological station in the urban centre (near to study 
area) and form the suburban area of Airport were used to compare the microclimatic parameters of 
the Greater Thessaloniki Area (GTA), of the urban centre and of the study areas. Specifically, the 
vertical surface temperatures are measured for each floor, of each building in the study area. So, in 
each side of the road the surface temperatures of continue buildings’ facades are observed. 

Also, mini portable weather stations were placed in representative MPs, in order to investigate 
parameters of urban microclimate and specifically Air Temperature. 

The geometric characteristics of the streets are given in Table 1. The average Height is referred 
to the average height of the buildings in the street, the Length of the street describes the distance of 
the urban canyon and the ratio H/W is a geometric characteristic to describe the urban canyon. The 
urban canyon in urban centre orientated in the West and North Street, and in residential area 
(Triandria) in the axis West-East. 


Table 1: Geometric Characteristics of urban canyons 


Stud : , Av. Height Str Length, Av Str Width, 
Rund Orientation H Des L (im) W (m) H/W 

West 23 60 12.5 1.8 
North 21 70 14 1.4 
Urban center East 21 100 14 1.5 
South 18 50 14 1.3 
Residential West 20 50 7 2.9 
Area East 19 35 7 2.7 
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3. RESULTS AND DISCUSSION 


3.1 Vertical T,,,; in urban center 
Table 2 is referred to the maximum surface temperatures in the urban center. It summarizes the time 
of maximum surface temperature in the center, the value of the maximum surface temperature and 
the floor that max T, is observed. For each examined Building it gives the greater temperature that 


was measured by the thermal camera. 


Table 2: Maximum surface temperatures 


Building Building Building 
1 2 3 
Time o Floor Time on Floor Time a Floor 
West. Ma 14:00 | 27.3 E 16:00 |263 E 14:00 | 264 r 
: July 16:00 | 32 pn 16:00 |333 |4 14:00 [32.1 |4 
August | 15:00 |331 | 3" 15:00 |326 |5" 14:00 | 33.4. | 1% 
West. May 16:00 [275 |5" 14:00 [301 |27 14:00 [321 | 67 
x July 16:00 |353 |5' 17:00 |386 [5 15:00 | 38.1 |6 
August | 16:00 |383 [5™ 15:00 | 42.6 | 4" 15:00 | 39.6 | 6" 
North- May d d d oh 
E July 1800 |347 |2" 17:00 |349 |2" 18:00 |334 [38 
August | 18:00 |358 |2" 17:00 [357 [2™ 17:00 [34.6 | 1% 
North- May 11:00 " 11:00 M 12:00 : 
a July 10:00 136.6 [5 10:00 | 401 |3 12:00 | 34.8 | 3" 
August | 11:00 | 37.6 |5" 11:00 [403 |2* 11:00 [35.8 |5" 
May 
East-S | July 16:00 | 31.7 |2* 
August | 18:00 |333 | 1" 
ua My 16:00 | 28.9 i 18:00 | 30.9 i 18:00 | 28.3 E: 
e July 17:00 |378 [15 17:00 |378 | 2° 17:00 | 35.7. | 3" 
August | 16:00 | 40 1“ 17:00 [387 |2" 17:00 |376 |1“ 
May 
South- | July 18:00 | 37.2 | 1" 1700 ‘Waar ue 
E floor 
August | 17200: 333° | SOM oras | gg | SOE unn nga. || roe 
floor floor floor 
Serie [May 12:00 [314 |2" 29.5 a 11:00 [28.1 | 274 
a July 10:00 | 40.6 | 1" 10:00 137.2 |3" 10:00 | 38.2 |1“ 
August |12:00 | 40 ge 11:00 | 39 gng 11:00 137.9 |1“ 


The analysis of Tuf variation indicates different thermal behavior of the vertical surfaces according 
to the measurement height (floor of the building), the orientation, the location within the urban 


canyon, the distance of the MP from the crossway and the time of the day. 


In the West orientated urban canyon, the maximum temperature of vertical surfaces is observed 
at 14:00-16:00pm, for both of the two sides of the road (West-S and West-N). In West-N side 
greater T,,r appears on the first floors of the buildings, while in the West-S side on higher floors. 
Also, the Measurement Points closest to the crossway have greater Twf than inside the urban 


canyon. 
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In North orientated urban canyon, in North-E side the maximum surface temperature occurs at 
afternoon at 17:00-18:00p.m., while in North-W at the morning, 10:00-11:00a.m. The side's 
orientation and the sun's position influence the thermal behavior of vertical surfaces and the time 
that maximum surface appears. In the North-E side, higher surface temperatures observed on first 
floors of the buildings, while in the North-W side on the middle and upper floors. The Tsu is 
greater in the west side of the road due to the duration of solar radiation (Fig.2). Also, the 
Measurement Points closest to the crossway have greater Turf than inside the urban canyon in the 
majority of the measurement data. 


Figure 2: Temperature variation of vertical surfaces (created with SketchUp) 


In the East orientated street, a lower height building (church) is located on East-S side of the 
road. The max Tyu is observed at 16:00-18:00 pm (Figure 3). The maximum temperatures of 
vertical surfaces are observed at lower heights and in locations at a distance from the crossway. The 
south or north side of the road don't affect the thermal behavior of the vertical surfaces, as they 
appear the same daily temperature variation. 


—$9— ground floor 
—Hü— 1stfloor 
—À— 2nd floor 
35,0 4 —— 3rd floor 
—— 4th floor 
—9— 5th floor 


30,0. 7 —— 6th floor 


Surface Temperature (^C] 


7th floor 


8th floor 


— = Airport GTA 
Benizelou St 


5 
8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 35m 


Time 


Figure 3: Surface temperature of vertical building façade, Building 2, East-N side, August 


In South-E orientated side, the maximum surface temperature occurs at the afternoon, 17:00 pm, 
while in the South-W side during morning time, 10:00-12:00am. The max Tur observed on the first 
floor and in the building near to the crossway. 

Concluded, the road located on the North-South axis appears different thermal behavior 
according to the orientation of each side of the road. The vertical surfaces of buildings' facade on 
west side develop high temperature during morning time, while on east side at the afternoon. 
Greater Tyu:¢ is observed at west side. On West-East axis road, the maximum surface temperature is 
observed mainly during evening hours. The orientation of each side of the road doesn't affect the 
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thermal behavior of the surfaces, as observed in the North-South axis. 


3.2 Correlation between vertical T,,,; and Tair on pedestrian’s level, in urban center 

The correlation coefficient p is used below in order to investigate the correlation between the T, 
and Tair. The Tair on pedestrian's level on 1.5m height was measured by mini portable station during 
24hrs basis. In Table 3 the correlation between the Tair on pedestrians’ level (1.5m) and T, for 
each floor is estimated. 

The correlation between the Tair on 1.5m height and Tyy¢is greater to closest vertical surfaces 
(ground floor and Ist floor). As the distance from the pedestrians’ level is higher so the p is 
decreasing. The correlation between air temperature on 1.5m height and surface temperature of 
ground floor facade is about 0.8 to 0.9. In July, the correlation is less than in May and August. 

Also, in North and West orientated urban canyons, the correlation coefficient is higher than in the 
East and South orientated street, where there is a low building on one side of the road. 

Therefore, the urban morphology affects the microclimatic conditions within an urban canyon. In 
the streets where there are no high buildings on either side of the roads, there is no correlation. In 
the urban canyons (West and North street), it is observed that when the surface temperature of the 
ground floor is increasing then the air temperature is warming on the pedestrian's level. 


Table 3: Correlation between T4; on 1.5m height and Tsurf 


p (Tsurf-Tair,1.5m) 


ground 1st 2nd 3rd 4th 5th 6th 
floor floor floor floor floor floor floor 
West-S May 0.86 0.73 0.58 0.69 0.64 0.63 0.64 
July 0.76 0.67 0.30 0.31 0.02 0.21 0.30 
August 0.89 0.89 0.82 0.85 0.86 0.80 0.84 
West-N May 0.90 0.75 0.67 0.74 0.74 0.68 
July 0.68 0.72 0.71 0.72 0.77 0.79 
August 0.85 0.77 0.79 0.85 0.83 0.82 
North-E May 
July 0.72 0.67 0.64 0.67 0.56 
August 0.90 0.73 0.71 0.80 0.83 
North-W May 
July 0.72 0.39 0.29 0.27 0.31 -0.18 


August 0.75 0.61 0.37 0.28 0.70 0.28 
East-S May 


July 0.62 0.68 
August 0.78 0.71 
East-N May 0.76 0.57 0.71 0.76 0.64 
July 0.62 0.72 0.72 0.71 0.74 
August 0.83 0.79 0.80 0.80 0.84 
South-E May 
July 0.69 0.76 
August 0.77 0.74 
South-W May 0.46 0.56 0.26 0.41 0.37 0.47 
July 0.08 -0.28 -0.63 -0.58 -0.46 -0.46 -0.34 
August 0.70 0.44 0.26 0.33 0.28 0.34 0.36 
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The urban morphology influences the urban microclimate and the outdoor thermal comfort 
conditions. The temperatures of the vertical surfaces and the urban geometric characteristics are 
factors that affect the air temperature at low altitude. 


3.3 Vertical T,,,; in urban center in Residential area 

During summer period, in West-N the maximum Tiu: is observed at 18:00, while at October it is 
observed at 16:00-17:00 (Figure 4). Greater surface temperatures are developed inside the urban 
canyons. In August the maximum Tsuf and maximum Tair are observed at the same time (18:00), 
while in October, the maximum T3, is appeared 2-3 hrs earlier at 14:00 than the maximum Tsurt. 

In West-S, the maximum Tsurf are observed during the morning time, in contrast to the West-N 
side where the maximum Tiu; are observed at afternoon. The air temperature on the pedestrian’ s 
level rises until afternoon at 18:00. 

Comparing the Tsu of measurement points on different heights, shows that the maximum 
values are observed at low level heights, at both sides of the west orientated road (Table 4). 

In the East road the maximum Tsurf are observed in MPs near to the crossway. 

In side East-S, the maximum surface temperature occurs at different times in different locations 
along the urban canyon (Table 5). In July the maximum Tur is observed at 15:00-17:00, in August 
earlier at 11:00-15:00, and in October at 11:00. During the summer period (August), in the first 
building the maximum value is observed at 15:00. Regarding the next buildings inside to the urban 
canyon on East-EW Street, the maximum surface temperature is observed later. Specifically, the 
Building2 reaches the maximum one hour later, the Building3 two hours later and the Building3 
four hours later. In October the maximum Tur is observed at 11:00 in all buildings along the urban 
canyon. 

Comparing the surface temperatures shows that during the summer the maximum values are 
observed near to the crossway, while on October inside the urban canyon 

The maximum Ti, on pedestrian's level is observed some hours later than the max Tsurt.. 


39 


g 3 Airport, GTA 
v 1.5m 
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Figure 4: Surface temperature, building 1/1, West-N, July 
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Table 4: Time of maximum Turf, West 


Building 1/1 Building 2 Building 3 
Time | Tiurface Floor Time | Tourface | Floor | Time | Tsurtace | Floor 
West-N | JUL | 18:00 | 38.1 5™ 
AUG | 18:00 | 48.5 [' 18:00 | 48.1 37 |18:00| 46.8 1“ 
OKT | 17:00 | 373 i? 17:00 | 414 1* | 16:00 | 409 | 2" 
West-S | JUL | 11:00| 38.5 Du 
AUG | 13:00 | 44.1 rs 
OKT | 11:00 46.6 Ground fl 


Table 5: Time of maximum T,,;, East 


Building 1 Building 2 Building 3 Building 4 


Eas-N | JUL | 17:00 | 35.5 | 1* | 17:00 | 37.9 | 1“ 
AUG | 16:00 | 38.1 | 1° | 19:00 | 36.6 | 1“ 
OKT | 17:00 | 42.6 | 1% | 17:00 | 35.3 | 1" 


East-S |JUL | 8:00 | 35.7 | 1* | 15:00 | 32.8 | 1* | 17:00 | 34.6 | 3% 
AUG | 15:00 | 364 | 2™ | 14:00 | 39 | 1* | 13:00 | 42.3 | 27 | 11:00 | 39.3 | 2 
OKT | 11:00 | 42.3 | 22 | 11:00 | 50 | 1* | 11:00 | 53.6 | 1* | 11:00 | 53.8 | 23 


3.4 Correlation of T,,,; and T,;, in Residential area 
The correlation coefficient p is used below in order to investigate the correlation between the Tsurr 
and Tair. In Table 6 the correlation between the Tair on pedestrians’ level (1.5m) and Tsurf for each 
floor is estimated. 

The correlation is greater at northern sides of both the west and east street. The correlation 
coefficient in north sides is about 0.7-0.95. In southern sides the correlation is insignificant, mainly 
in October. 


Table 6: Correlation of T, on different floors and Tair on pedestrians’ level 


P (Tsurf-Tair,1.5m) 
ground 1st 2nd 3rd 4th 5th 6th 7th 

West-N July 0.73 0.72 0.69 0.71 0.74 0.72 0.74 

August 0.90 0.90 0.91 0.93 0.93 0.92 0.93 

October 0.85 0.88 0.80 0.84 0.82 0.81 0.85 
West-S July 0.89 0.71 0.42 0.26 

August 0.86 0.83 0.83 0.79 

October -0.03 0.04 | -0.02| -0.01 
East-N July 0.95 0.93 0.89 0.88 0.86 0.84 

August 0.95 0.90 0.90 0.91 0.92 0.92 

October 0.70 0.68 0.68 0.72 0.67 0.61 
East-S July -0.12 | -0.43 -0.65 -0.55 

August 0.75 0.82 0.75 0.72 

October 0.10 0.02 0.04 0.05 


In Table 7 the correlation between the Tair on 5m height ((Tai)srig and (Tair) stew) and Tsurf of 
the first floor (Tsuf)lst is calculated, as well the correlation between the Tair on 23m height 
((Tai)osriw) and Tur of the 7? floor. 
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Table 7: Correlation of Tsur and Tair in different measurement heights. 


July | August | October 

Residential area | East-S (Ture) 1st-(Tair)stre (Tair) stra -0.167 0.685 0.152 
Wesr-N | (Tyurf)ist--(Tair)strw (Tair) stiw 0.969 | 0.778 0.714 

Wesr-S Carts Cai) sew (Tair)23 7,5 (Tair)o37,w 0.957 0.796 0.870 


Comparing the coefficient p between the Tsur¢ and the Tair for the same measurement height, 
shows that in the West-N side the correlation is satisfactory (p=0.8-0.9). The ratio Hj/H; in west 
orientated street (H:/H2=1) is lower than East. In East Street the p is almost zero. 


4. CONCLUSIONS 


In Table 8 the Air Temperature differences between 20:00pm and 8:00am. at pedestrian's level, for 
the urban center and residential area are shown. 

The Tir in urban center at afternoon is about 3°C higher than in the 8:00 am. In the East 
orientated street, the Tar is 7°C higher in May, which affects negatively the thermal comfort 
conditions at pedestrian's level. 

The differences in residential area, the ratio H/W is greater that center, are higher. The 
maximum difference is observed during October and it reaches the 10°C. 

So the geometric characteristics affect the microclimatic conditions, specifically the Tair. The 
building's height and the roads width prevent the cooling of urban canyon and the Tair remains high 
for long time after the sunset. 


Table 8: Air Temperature differences between 20:00pm and 8:00am. at pedestrian's level 


Urban center GTA Residential area GTA 
West North | East South West East 
May 3.3°C 7.0°C 3.3°C |2.5°C 
July 3.3 °C 2.7°C |2.8°C 3.1°C |3.00C | 4.6°C 3.4°C 3°C 
August 2.9°C 3.6°C | 3.1°C 3.8°C | 05°C | 6.2°C 6.2°C 6°C 
October 8.1°C 10.0°C 8°C 


Finally, in conclusion the urban morphology influences the surface temperatures, the microclimatic 
parameters in the urban centers and affects the conditions inside the urban canyons. 
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Abstract 


In an effort to assist the understanding fire retardant substances, their behaviour is addressed. 
Polybrominated diphenyl ethers have been used in the transportation industry. Emphasis is given to 
their chemical characteristics and behaviour under special temperature conditions, age of the 
vehicle, indoor ventilation, and other factors. Bio-concentration and bioaccumulation in the 
environment is due to their high binding affinity to particles and lipophilic characteristics. 
Congeners of polybrominated diphenyl ether continue to be detected in the environment and in 
humans, though commercial products containing these toxic substances have been phased out. The 
most comprehensive measurements and analyses found in the literature are briefly described and 
comparisons for the different available data and results are discussed. All reviewed studies 
demonstrate car interiors being contaminated with brominated fire retardants. 


Keywords: brominated fire retardants; polybrominated diphenyl ether; automobile; debromination 


1. INTRODUCTION 


Automobiles are hosting drivers and passengers a considerable time fraction of the day (5-696) 
while travelling from home to work or during other activities, like shopping and recreation [1]. The 
World Health Organization (WHO) has recognized the interior air pollution of vehicles as a major 
threat to human health [2]. House dust provides a major contribution to human exposure due to the 
time spent there, much higher than in cars. 

By the end of 2013, a mixture used as a fire resistant additive to every day products, named 
DecaBDE has been phased out. The main reason for that decision is the impact it has to the 
environment, living organisms and humans -especially toddlers. People spending a considerable 
amount of time in cars or other types of vehicles (taxi drivers, truckers, commercial representatives 
promoting products in distant places, etc) are particularly affected through inhalation or digestion of 
semi-volatile organic compounds commonly added to consumer products found in various 
microenvironments including accessories in means of transportation. 

A wide variety of polymers with different properties have been introduced in clothing, 
furniture, electronics, computers and vehicles over the past 50 years. Since the majority of polymers 
contained in cars are petroleum based (several kilograms of cables) are flammable, the safety 
regulations require the use of materials added or applied to increase the vehicle's fire resistance [3]. 
A range of materials that fulfil this requirement are found in the market under the general name 
brominated flame retardants. These substances can inhibit fire ignition or slow the combustion rate. 
Depending on the mode they are incorporated to polymers can be divided in brominated monomers, 
reactive, and additive (including hexabromo-cyclododecane, HBCD, and polybrominated diphenyl 
ethers, PBDEs) [4]. Tetrabromobisphenol A (TBBPA) is chemically bonded into plastics, hence an 
example of reactive brominated flame retardant. PBDEs, HBCD and TBBPA are commonly used 
BFRs in vehicles (in the ABS, instrument panel, nylon connectors, wire insulation, floor coverings, 
vehicle electronics, upholstery like fabric backing and arm rests, etc). 
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In the 1960s, the production of PBDEs started. They are semi-volatile organic compounds 
added to consumer products at percent levels and they theoretically involve 209 congeners 
numbered using the IUPAC (International Union of Pure and Applied Chemistry) system, but in 
commercial mixtures are fewer [5]. The most used formulations are Penta-, Octa-, and DecaBDE. 
They have high affinity to particles with lipophilic characteristics. Due to this tendency, they may 
be found in the environment even after several years, bearing in mind that sources of the 
formulations could be found even nowadays [6]. 

High percentage (4096) of vehicle interiors in a 2011-2012 vehicle screening contained 
brominated fire retardants (BFRs) [7]. Technical grades of PentaBDE have historically been used in 
automobiles in polyurethane foams. Applications of DecaBDE in automobiles and mass 
transportation means include fabric, reinforced plastics, under the hood or dash, and electric & 
electronic equipment (battery case and tray, engine control, electrical connectors, components of 
radio disk, GPS and computer systems). 

In automobiles, dust particles bearing polybrominated diphenyl ethers could be formed by 
volatilized PBDEs from interior foam and electronic components or could have their origin in the 
aging or the abrasion of polymers containing PBDE. Automobile dust vacuumed from British car 
seats when undergone scanning electron microscopy with energy dispersive spectrometry has been 
shown to be highly inhomogeneous in bromine distribution and BDE 209 originates from the 
abrasion of fabric treated with DecaBDE [8]. 

If an adult inhales 20 m’ air/day then a driver inside a contaminated car would receive 54 ng of 
PBDEs through inhalation in 8 hours. Estimates on the inhalation intake in various environments 
suggest that the exposure to PBDEs during an 80-min drive is approximately equivalent to the 
exposure from 16.5 hours at home or eight hours at work [9]. 


2. POLYBROMINATED DIPHENYL ETHERS IN PRIVATE CAR AIR AND DUST 


Airborne concentrations of principal PBDE congeners monitored in various studies [10, 11] were 
measured in 31 homes, 33 offices, a coffee shop, a supermarket, a post office, and 25 cars in UK 
[12]. Deca-bromodiphenyl ether was not included because it was difficult to reliably determine it. 
Indoor air samples were collected using polyurethane foam (PUF) disk passive samplers. Public 
transport was considered unsuitable for sitting passive air samplers. Probably, the PUF disk air 
samplers underestimate concentrations of the higher molecular weight congeners, as these are more 
associated with the particulate phase. More than 5096 of BDEs 153 and 154 have been observed to 
be present in the particulate phase in indoor air [10]. Therefore, the aforementioned effect will be 
more marked for these congeners. Cars are the most contaminated microenvironment where average 
EBDE equals to 709 pg/m? with major contributors to EBDE being the congeners 47 and 99 [12]. 
Ten houses, 44 apartments, 10 day care centres, 10 offices and 17 cars were the places in the 
Stockholm City area where from samples were analyzed for tri- to deca- BDEs found in three 
technical Penta-, Octa- and DecaBDE products [13]. In all air and dust samples PBDEs were 
detected. All cars were new. The samples had been taken indoors with the fan on to simulate 
ventilation during locomotion conditions. Seventeen cars manufactured by seven different 
industries were sampled having their windows closed. Five cars from two different manufacturers 
were sampled twice, once while indoors at room temperature, and a day later standing in the 
sunshine with the windows closed to reach a higher indoor temperature. In addition, indoor air 
samples were taken in two of the dealership garages. In car air the median XPBDE concentrations 
were 520 pg/m?. Further analyses performed on the samples from the Stockholm City area by 
Thuresson et al. [14] showed that in cars, median XPBDE concentrations in air was 510 pg/m? and 
in dust 1,400 ng/g (only 4 cars sampled). For all microenvironments, the brominated flame retardant 
found in highest concentration in air was ŁDecaBDE, primarily BDE 209, followed by XPentaBDE, 
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and in dust, ZDecaBDE, followed by HBCD. Positive correlations were found between matched air 
and dust samples for XPentaBDE, but not for XDecaBDE. The concentrations and BDE congener 
profiles in air samples from the dealership halls and the cars sampled in the same halls were similar. 

In Greece, Sweden and UK, different median concentrations of PBDEs in car air have been 
recorded [15]. The works of Mandalakis et al. [16], Thuresson et al. [14] and Harrad et al. [12] have 
reported median total concentrations of 201 pg m^, 510 pg m^, and 41 pg m^ EPBDE respectively 
for 18 including BDE-209 10 including BDE-209 and 9 not including BDE-209 congeners. BDE- 
209 was the most abundant congener accounting for 38-66% of total PBDEs 

In a nine month period dust samples were collected from 9 living rooms and 8 offices within 
the West Midlands conurbation as well as from 8 cars [17]. The surface of the car seats (not 
including seat backs), the front panel, and the steering wheel were sampled for 2 minutes. Targets 
of the analysis were BDE 47, 85, 99, 100, 153, 154, 183, 196, 197, 203, 206, 207, 208, and 209. 
Debromination of BDE 209 was indicated by factors like the profile and ratios of nona BDEs, the 
detection of BDE 202, and the ratio of BDE 197:201. The small value of this ratio (1.72, with 
values ranging from 28 to 35 in technical Octa- formulations) indicates that BDE 201 is produced 
due to photodebromination of BDE 209 in indoor dust. 

In dust from 12 living rooms and garages of the same houses, as well as from the car (floor and 
seats) parked in the garage [18], BFR concentrations varied widely but systematically. Generally, 
concentrations were lower in vehicles, than in houses. Notable exceptions to that rule were BDEs 
208, 207, 206, and especially BDE 209 in newer cars, which were sometimes an order of magnitude 
higher, indicating much more extensive use of the deca-formulation in vehicles. The elevated levels 
of BDE 209 in vehicles are consistent with the results of a research conducted in Greece [16] where 
median XBDE concentration of 200 pg/m? and a dominance of BDE 47, 99, and 209 was found. 

An analysis using a method based on gas chromatography-mass spectrometry and pressurized 
liquid extraction has been performed on samples obtained from families and a research laboratory in 
Porto, Portugal [6]. The sampling process included 10 houses and parts (floors, seats and tailored 
car mats) of 9 car interiors. Sixteen PBDE congeners (BDE 28, 49, 47, 66, 100, 99, 85, 154, 153, 
183, 197, 203, 196, 207, 206, and 209) were included in the analysis. PBDE concentrations did not 
differ in the sieved and whole fraction as it has been indicated by Mann Whitney U test. Lower 
BDE 209 levels (98 to 17,122 ng/g in sieved and 123 to 22,421 ng/g in whole car dust) compared to 
those detected in car dust from USA [19] and UK [20] (average 272,119 ng/g and 340,000 ng/g, 
respectively) have been found. These differences may be attributed to the car's characteristics (age, 
manufacturing etc.), the limited number of samples analysed, or the methodology of sampling. 
Sample collections in UK and USA studies were restricted to the surface of the seats. On the other 
hand the Portugal study included all the vacuum-cleaned parts of the car. 

Thirty one people participated in a survey conducted in Boston in the winter of 2009. Their 
homes, offices and 20 cars had been sampled for PBDEs [21]. The cars were primarily 
manufactured abroad (2001 was the production year on the average). Dust samples from the entire 
surface of the front and back seats were analyzed using gas chromatography—mass spectrometry. 
The geometric means of concentrations in dust from the 20 cars were 2,950, 184, and 4,651 ng/g, 
for PentaBDE (sum of congeners 28/33, 47, 49, 66, 75, 85/155, 99, 100, 138, 153 and 154), 
OctaBDE (sum of BDEs 183, 196, 197, 201, 203) and BDE 209 (used for DecaBDE), respectively. 

Dust samples from 13 cars, 7 homes, 4 offices, and 10 research laboratories collected in 
Kaohsiung City, Taiwan, were analyzed with a high-performance liquid chromatograph [22]. Dust 
samples from cars showed substantially higher (2,700 to 38,000 ng/g) BDE 209 concentrations. 


2.1 Comparison of PBDEs found in vehicle cabin and trunk 

Studies conducted in the passenger compartment of vehicles have indicated concentrations of 
volatile organic compounds declining over time, but increasing when the temperature reached 
higher values [23, 24, 25]. However, the factors influencing the levels of airborne PBDEs in 
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vehicles or other indoor microenvironments remain poorly understood. The passenger cabin and the 
trunk are differently affected by dust due to its heterogeneous nature. Dust samples have shown that 
different parts in the cabin could be contaminated by a variety of fire retardant concentrations [12]. 

Passive samplers usually used to measure PBDE concentrations in car trunks may not collect 
suspended particulate matter and the measurements may represent the gas-phase concentrations 
only [26]. The concentrations of X(tetra-deca) BDEs in 21 cars [27] were monitored using a passive 
air sampler and they averaged 2,200 pg/m? in cabins and 1,600 pg/m? in trunks, respectively. In 
both the cabins and the trunks of the 21 cars, the atmospheric concentrations of X(tri-hexa) BDEs 
were statistically indistinguishable (p>0.05). On the opposite side, BDEs 206, 207, 208, and 209 
concentrations in cabin air exceeded appreciably those in the trunk. 

Increased in cabin use of fire retardants lead to elevated concentrations. Harrad and Abdallah 
[28] provided data from dust testing in 14 passenger cabins and trunks from cars in the United 
Kingdom assessing HBCDs, TBBP-A, along with 16 BDE congeners. They reported high 
concentrations of TBBP-A and of BDE 154, 206, 207, 208, and 209 in dust sampled in the front 
seats of the cars. Generally, concentrations in cabin dust exceeded significantly those in trunk dust 
(p«0.05). Nevertheless, in five cars, no significant differences (p>0.05) in concentrations of HBCDs 
and most PBDEs were detected in dust sampled from four different seating areas. Higher median 
levels of BDE 202 in cabin (14 ng/g) compared to trunk dust (0.3 ng/g) in the 14 vehicles have also 
been reported. BDE 202 is an octa-congener that has not been identified in any formulation in the 
market [29] and its detection speculates that the extent of BDE 209 photodecomposition is greater 
in the sunlit vehicle part (the passenger cabin) than in the dark vehicle part (trunk). 


2.2 The role of vehicle's age in PBDEs concentration 

As cars display the highest average concentrations of PBDEs, it is required to define relationships 
between PBDE concentrations and car age and manufacturer. The age of vehicles from 12 different 
manufacturers varied from 2 to 21 years [30]. No statistically significant relationship was found 
between log-normalized XBDE concentrations in the cars and the age. Omitting the two most 
contaminated cars, a significant (p<0.01) positive linear relationship was obtained. This finding 
indicates that the year of vehicle manufacture influences the PBDEs concentration in cars, but is not 
the only factor. The variation in concentrations is not solely attributable to vehicle age, but the 
quantity, age, and type of PBDE-containing goods in the car may also influence concentrations of 
PBDEs. This hypothesis has to be tested in a more detailed study required to characterize PBDE 
emission sources in vehicles. 

The way the car of age affects XPBDE concentrations was imprinted in 33 vehicles studied by 
Mandalakis et al. [16] on 41 air samples from passenger space under normal driving conditions. 
XPBDE exhibited a gradual decrease from newer to older vehicles, not statistically significant due 
to the large variability of concentrations within each of the four defined age groups. Logarithmic 
concentration of XPBDE provided statistically significant correlation with vehicle age (p<0.01). 
The regression coefficient associated with vehicle age was negative and described the net reduction 
of PBDEs over time. Based on this value, the aforementioned authors estimated a half-life of 2.5 
months for airborne XPBDE from private vehicles. 

Dust from the seat surfaces of 66 personal automobiles in Villanova, Pennsylvania has been 
used in order to determine the concentration levels of 21 BDE congeners [31]. At the same time 
various features of the cars were recorded, including the vehicle manufacturer and model, the 
vehicle model year and the date of production (starting point for vehicle's age), the odometer 
reading (extent of vehicle use), the seat material, and the presence or absence of air conditioning, 
heated seats, a convertible top or a sunroof. Forty cars were manufactured after 2000, eight of 
which later than 2007. Individual PBDE congeners through bivariate correlations with vehicle age 
or the vehicle odometer reading didn't produce any significant Spearman correlations (p > 0.05). 


886 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


In order to characterize PBDE contamination in vehicle interiors, airborne concentrations of 
polybrominated diphenyl ethers were investigated using PUF disk passive air samplers fixed in 25 
private cars for a period of 4 to 6 weeks [32]. Age of the vehicles was the most influential factor 
affecting polybrominated diphenyl ether emission in car interiors, though cars from the same 
manufacturer with similar ages have shown variations in PBDE concentrations. 


3. CONCLUSIONS AND RECOMMENDATIONS FOR FURTHER RESEARCH 


The environment is hosting polybrominated diphenyl ethers released when they are produced, 
applied to consumer products or when the products containing them are discarded. There exists a 
general concern about PBDEs as they are persisting, bioaccumulative and with a high toxicity 
potential. Although production and use of PentaBDE and OctaBDE mixtures has been phased out, 
PBDE congeners will probably be present in the environment for many years. The assumption that 
DecaBDE in car interiors is breaking down into PentaBDE and other types of products highlights 
the need for actions for a prompt phase-out of its use. The progressive regulation of chemical 
additives in consumer products in Europe and end-of-life vehicle concerns in Asia is driving 
elimination of important chemical hazards from vehicles. 

All reviewed studies demonstrate car interiors substantially contaminated with PBDEs; data 
from air samples showing appreciable contamination with PBDEs is consistent with information on 
PBDE contamination of windshield film and dust. The interior of new automobiles contain high 
levels of PBDEs on the basis of car furniture, like its floor coverings, arm rests, seat cushions and 
other plastic parts. The sampling in resale centers has shown similar congeners’ concentrations 
leading to the conclusion that the car interior is their source. Measures to improve the indoor air of a 
car may include the use of solar reflectors, fans, air conditioning systems, or open windows. It is a 
good practice to park outside of sunlight whenever possible, since gas phase concentration of 
chemicals in parked vehicles approaches equilibrium relatively fast. This could be attributed to the 
large surface area of materials inside cars. 

The contamination levels due to PBDE concentration in car dust are not homogeneous, since 
dust may not have its origin at components in the automobile's interior. 

The hypothesis for the role of car age on the concentration of polybrominated diphenyl ethers 
has to be tested in a more detailed study required to characterize PBDE emission sources in 
vehicles. 

An investigation is proposed to define potential differences in PBDEs concentrations inside 
idling or moving cars with the use of air cleaning devices and interior fan as a dependent variable. 
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Abstract 


A methodological approach for the optimisation of a Discontinuous Permeable Adsorptive Barrier 
(PAB-D) is proposed in this paper. This method is based on the comparison of different PAB-D 
configurations, obtained by varying some of the main PAB-D design parameters. In particular, the 
well diameters, the distance between two consecutive passive wells and the distance between two 
consecutive well columns are varied and a cost analysis for each configuration is carried out in 
order to define the most performing and cost-effective well outline. As case study, a benzene 
contaminated aquifer located in an urban area in the north of Naples (Italy) is considered. 
Moreover, a comparison with a Continuous PAB (PAB-C) is made so to define the best 
configuration for the case-study. 


Keywords: discontinuous permeable adsorptive barrier; benzene; groundwater remediation; 
design and cost analysis; optimisation. 


1. INTRODUCTION 


Groundwater is a fundamental water supply for drinking, agricultural and industrial uses. A proper 
management of this important natural resource is essential and can be achieved via prevention and 
protection of groundwater quality from pollution. An innovative and flexible in-situ technology, 
able to protect and remediate aquifers from different types of contaminants, e.g. heavy metals [1] 
and organic compounds [2,3], is Permeable Reactive Barriers (PRBs) [4]. PRBs are a passive and 
cost-effective decontamination technique and consist of a vertical wall crossing the polluted aquifer. 
Clogging phenomena are the main disadvantage of PRBs [5,6]. A reactive medium, which is more 
permeable than the surrounding aquifer, is used to fill the whole barrier in order to boost 
groundwater flow through it exploiting the aquifer natural gradient [2,4]. If an adsorbing material is 
adopted as barrier filler, PRBs can be defined Permeable Adsorptive Barriers (PABs) and the 
groundwater remediation occurs by adsorption. In their typical configuration, PABs are a 
continuous wall (PAB-C); however, several innovative configurations such as Discontinuous 
Permeable Adsorptive Barriers (PABs-D) have been proposed during last few years [7,8]. A PAB-D 
consists in a passive well array set in one or more columns at a defined distance one another and 
filled with adsorbing materials. Such a configuration is more advanced than PAB-C as it allows the 
remediation of the same volume of groundwater with a smaller barrier volume and consequently at 
a lower cost [9]. 
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This paper deals with a methodological approach for PAB-D optimisation, applied to an aquifer 
located north of Naples (Italy), already adopted as case-study in previous published papers [2,8-10]. 
In this site, analytical data deriving from dedicated measurement campaigns showed the presence of 
both organic and inorganic pollutants. In particular, benzene, which is listed among the priority 
contaminants by U.S. EPA as carcinogenic [11,12], was found at a concentration higher than the 
Italian regulatory limit (Cjim=1 ug L’')set for groundwater quality. The proposed approach is based 
on the definition of a set of several PAB-D configurations, all allowing the interception and 
treatment of the entire contaminated groundwater, and on the combination of an optimal design 
technique and cost analysis, aiming at minimizing the remediation costs. The optimisation was 
carried out by varying the well diameter and assuming both the distance between two consecutive 
wells and the distance between two consecutive well lines as a function of the diameter. 
Remediation costs were calculated as the sum of the well drilling costs and the adsorbing material 
costs, also including the monitoring costs of the installation. Moreover, a comparison between a 
Continuous PAB (PAB-C), already designed for the remediation of the same site [10], and the 
optimal PAB-D was carried out. 


2. MATERIALS AND METHODS 


2.1 Process modelling 

The time evolution of pollutant species in groundwater in presence of adsorbing phenomena can be 
described via the advection-dispersion-reaction equation (Equation 1), which can be written as 
follows [2,13]: 


Se DNO = E (1) 
S b 


where C is the groundwater contaminant concentration, t is the time, D; is the hydrodynamic 


dispersion tensor, u is the water flow rate, n, is the site porosity, p, is the adsorbing material bulk 
density, n, is the barrier porosity and o is the pollutant concentration on the adsorbent (i.e. its 
adsorption capacity). The hydrodynamic dispersion tensor, D; is expressed as the sum of the tensor 
of mechanical dispersion, Dm, and the coefficient of molecular diffusion, Di, (a scalar), as better 
described by Konikow and Grove [14]. Darcy equation (Equation 2) can be used to evaluate the 
water flow rate u as: 

u- Ky. Vh Q) 
In Equation 2, K, is the hydraulic conductivity and h is the hydraulic head. The last term on the 
right side of Equation (1) accounts for PAB adsorption phenomena and can be defined by the 

following equation: 

py 00 " 
-— —-k,a|C-C lo 3 
es kalc- Cio) G) 
where ke is the mass transfer coefficient for adsorption reaction, a is the adsorbent particle external 
specific surface area and C (c) is the pollutant concentration in the liquid phase at thermodynamic 
equilibrium with the concentration on the adsorbent (c). The thermodynamic equilibrium is usually 
expressed through an adsorption isotherm, such as the Langmuir model (Equation 4): 
KC 
1+ KC (o) 

where @max and K are the Langmuir parameter. The computational domain was defined by 
considering a 2D system assuming constant concentrations of benzene along the vertical 
groundwater direction and with the reference border coinciding with the boundary of the site 
domain. Moreover, an initial concentration of benzene onto the adsorbing material of the PAB equal 
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to zero and a constant porosity in all computational domain were assumed. The following initial and 
boundary conditions were used: 


x=0 VyVt 
C=0 y=0 VxVt 
y=Y VxVt (5) 


<, uVC-V(D,VC)=0 x-X VYyyt 

t 

X and Y were assumed as coincident with the size of the computational domain, in the x- and y- 
directions, respectively. A finite element method was applied to numerically solve the equation 
system (1)-(4), with the related initial and boundary conditions (5), in COMSOL Multi-physics® 
environment. 


2.2 PAB-D optimization approach 

The drilling of PABs may be a complex task for deep aquifers and the use of adsorptive passive 
wells (i.e. a PAB-D) can be more appropriate and easier to implement with respect to a PAB-C. 
Moreover, if a PAB-D is properly designed and strategically placed in the polluted site it can result 
also as very cost-effective. In order to minimise PAB-D dimensions and consequently the 
remediation costs, a methodological approach to optimize PAB-Ds is proposed in the following. 
The approach is based on the definition of a set of several PAB-D configurations that allow the 
treatment of the whole polluted aquifer, based on the combination of an optimal design technique 
previously proposed by the authors [9] and a cost analysis for each passive well array layout. As 
described elsewhere [2,8-10], the design of a Permeable Adsorptive Barrier requires a preliminary 
field investigation of the considered area in order to know its hydrogeological characteristics, 
groundwater hydraulic heads and direction, as well as the location, nature and extent of the site 
contamination. A proper PAB-D design is aimed at defining the geometric configuration of the 
passive well array, which is able to intercept the whole contaminant plume and decontaminate the 
groundwater. The PAB-D geometric parameters are shown in Figure 1 and in particular they are: 
the passive well geometrical parameters (diameter (D,,) and height (H)), the distance between two 
consecutive passive wells (Z) along a line, the number of well lines (n.) of the array, the line-to-line 
distance (de), the orientation (c) and the well-barrier position [8,9]. Moreover, an appropriate 
adsorbing material has to be used. By varying one of these parameters, such as Dw, Lor de, a 
different PAB-D configuration is obtained. In each configuration, the height of wells (H) can be 
kept as constant and equal to the aquifer thickness. A 2D system with constant concentrations of 
benzene along the groundwater vertical direction is assumed; moreover, a well grid is defined so as 
to put each well line orthogonal to the groundwater flow direction and as close as possible to the 
contaminated plume [2]. 


pS 


Plume 


Figure 1. Design parameters of a PAB-D [7] 
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Each PAB-D configuration was determined by varying the well diameter (D,,) and assuming 
both the distance between two consecutive passive wells (J) and the line-to-line distance (d,) a 
function of D,,. In this way, the variation of number of wells (nw) for each line also occurred. In 
particular, according to the optimal design technique adopted, for each configuration, Dw, J and de 
were kept constant while the number of wells (7,,) and the number of lines of the array (ne) were 
varied up to determine the configuration with a minimum total number of wells and, consequently, 
minimum amount of adsorbing material. A heuristic method was used to put into practice the 
optimal design technique [15]. In addition, a cost analysis was made to assess the remediation costs 
(Cr) of each configuration. Only PAB-D drilling costs (Cwen) and monitoring costs (Cy) were 
considered, while operation and maintenance costs were excluded since PABs are a passive 
remediation technique, as they do not need energy consumption and workers. Finally, PAB-D costs 
were determined as the sum of the well and adsorbing material (C44) costs: 


Cr = Cwen + Caa + Cu (6) 


The methodological approach was finalized to identify the PAB-D configuration among that of the 
set with the lowest remediation costs, according to the following objective function (O.F.): 


O.F.=min{C,(D,,,/,d,)] (7) 
3. CASE STUDY 


The PAB-D optimization method was applied to the remediation of a groundwater in the 
surroundings of an urban area located north of Naples (Italy). The area of study has an extent of 225 
ha and several solid waste landfills are still present around.. The underlying aquifer (40 m depth 
from the soil surface) has an average thickness of 8 m and is confined by an impermeable layer. 
Groundwater soil composition was schematized as a single layer consisting in Neapolitan yellow 
tuff with hydraulic conductivity (Ks) and longitudinal dispersivity (ax) equal to 5x10? m s! and 1 
m, respectively. The equation proposed by Gelhar et al. [16] was used to estimate transverse 
dispersivity (a): 

a, =a@,/10 (8) 


Several contaminants, both inorganic and organic, were found in groundwater. Among them, 
benzene was detected at concentrations up to 6 times higher than the corresponding Italian 
regulatory limit for groundwater quality (Cjim=1 ug L")In Figure 2, the benzene initial 
concentrations and the groundwater piezometric heads and direction are sketched. The contaminant 
plume extends for an area of about 500 m x 450 m; the aquifer is east-west oriented with 
piezometric levels from 12 to 7 m, under a gradient (J) of 0.01 mm”. 


Figure 2. 

Benzene iso-concentrations 

and groundwater piezometry of the area 
of investigation 
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The main characteristics of the aquifer, including the molecular diffusion coefficient of benzene, are 
collected in Table 1. 


Table 1. Main characteristics of the case-study area 


Aquifer characteristic 
Total extent, A [ha] 225 
Aquifer average piezometric level, H,, [m] 8 
Piezometric gradient, J [m m] 0.01 
Porosity, n; [-] 0.25 
Dry soil bulk density, p, [kg m] 1400 
Hydraulic conductivity, K, [m s !] 5x10? 
Longitudinal dispersivity, a, [m] 1 
Transverse dispersivity, ay [m] 0.1 
Molecular diffusion coefficient, Di [m^ s] 10-7 


Adsorption modelling was carried out by considering as adsorptive material an activated carbon 
tested by Basso and Cukierman [17]. Benzene adsorption isotherm is described by the Langmuir 
model, expressed by Eq. (4), with @max and K equal to 35.1 mg g ! and 0.0577 L mg", respectively 
[17]. The main characteristics of the adsorbing material are collected in Table 2. The optimization 
approach was applied to a set of several PAB-D configurations, which were defined by varying the 
well diameters (D,,) in the range 0.4-1.2 m, while the distance between two consecutive passive 
wells (J) and the line-to-line distance (d.) were set equal to twice the diameter and equal to the 
diameter, respectively. The set of configurations tested is summarised in Table 3. 


Table 2. Main characteristics of the adsorbing material 


Adsorbing material characteristics 


Porosity, n, [-] 0.45 

ACs bulk density, p, [kg m^] 520 
Hydraulic conductivity, Kpag [m st] 10? 
Longitudinal dispersivity, æxpag [m] 0.05 
Transverse dispersivity, &ypag [m] 0.005 
AC BET surface area, Sper [m? g!] 1.116 
AC average pore diameter, dpore [nm] 233.5 


Table 3. Defined configuration for the optimization approach 


# Dy [m] I - 2*D, [m] d. = Dy [m] 
1 0.4 0.8 0.4 
2 0.5 1.0 0.5 
3 0.6 1.2 0.6 
4 0.8 1.6 0.8 
5 1.0 2.0 1.0 
6 1.2 2.4 1.2 
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Table 4. PAB-D costs 


Cwen Caa Cu 
D, [m] Unit cost [€ m`] Unit cost [€/m?A4] [€] 
0.4 47 
0.5 51 
0.6 57 
08 69 780 250000 
1.0 87 
1.2 103 


The cost analysis was performed by considering the well drilling costs (Cwen), the adsorbing 
material cost (C44) and the monitoring costs (Cy). The well drilling costs depend on both diameter 
and number of wells. The larger the well diameter the higher the well drilling unit cost, expressed 
per unit of perforation depth; moreover, it depends on the geological soil composition. The 
adsorbing material unit cost, expressed for unit of volume, and the monitoring costs were assumed 
as constant for all the PAB-D configurations (Table 4). 


4. RESULTS AND DISCUSSION 


The amount of adsorbing material volume (V4;) and the cost analysis for each PAB-D 
configuration are listed in Table 5. PAB-D layouts required 2 passive well lines (n=2) for 
Configurations 1-3 while a single passive well line was required for Configurations 4-6. It was 
observed that the number of wells (ny) decreased by increasing the well diameter, and, in particular, 
by reducing the well lines from 2 to 1, a significant reduction of about 50% was obtained. Va, 
calculated by considering a constant aquifer height (H=8 m), increases with the well diameter at 
constant number of well lines and the minimum value was found when 1 line is adopted and in 
correspondence of D,,=0.8 m. 

The remediation costs (Cg) reported in Table 5 and depicted in Figure 3. As shown in Figure 3, 
Caa increases almost monothonically with well diameter (which in turn influences the number of 
well lines requested), while C, follows an opposite trend because a smaller number of wells is 
needed (Table 5), despite their higher unit costs (Table 4). In particular, Cwen resulted higher than 
Caa for the first 3 configurations with 2 passive well lines, while the opposite trend can be observed 
for the last 3 with a single passive well line. Moreover, a higher incidence of the C4; on total costs 
Cr by increasing the wells diameter can be observed, becoming higher than 50% with 
configurations with 1 line. Since the monitoring costs (Cy) were considered equal to 250000€ for 
all configurations, the minimum of Cr occurs when the increase of C4; and the decrease of Cwen 
compensate. 


Table 5. Results of the methodological approach to PAB-D optimisation 


Ves [| | pay | Comme, E || PE 

1 | 0.4 8 2 | 788 | 126 | 1626432 | 786739 | 2663171 30 

2 | 0.5 8 2 |610| 153 | 1376160 | 951600 | 2577760 37 

3 | 0.6 8 2 |540| 194 | 1321920 | 1213056 | 2784976 44 

4 | 0.8 8 1 | 257 | 164 703152 | 1026355 | 1979507 52 

5 |10 8 1 |205| 205 678960 | 1279200 | 2208160 58 

6 | 12 8 1 |158| 228 659808 | 1419725 | 2329533 61 
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Figure 3. Costs trend as a function of the well diameter 


In fact, the lowest remediation cost Cr was obtained for the configuration 4, i.e. with well 
diameter equal to 0.8m, which also experienced the highest reduction in C44 (Figure 3). 

In Figure 4, for the best PAB-D configuration (i.e. number 4 — D,=0.8 m), the maximum 
benzene concentration at the inlet and at the outlet of the barrier were represented as breakthrough 
curves. As shown, an operating time close to 20 years is required to capture the whole polluted 
plume and to remediate the aquifer. Moreover, the PAB-D efficiency was tested up to 100 years of 
working time in order to verify the absence of benzene desorption from the barrier at concentrations 
higher than the Italian regulatory limit (Cjim=1 ug L’) [16]. As depicted, for the whole simulated 
operating time, the outlet benzene concentrations were lower than 1 ug L”. 

Finally, a comparison between a Continuous PAB (PAB-C) [9], designed for the remediation of 
the same site, and the optimised PAB-D was carried out. The values of both PAB-C and PAB-D 
parameters are listed in Table 6, where the corresponding total adsorbing material volume and 
remediation costs were also reported. The optimised PAB-D allows a reduction of the adsorbing 
material volume (4V,a) and remediation costs (AC) equal to 28% and 40%, respectively. 
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Figure 4. Breakthrough curves for the Optimised PAB-D 
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Table 6. Comparison between Continuous and optimised Discontinuous PAB 


Height Width Length Vad AV ad Cr ACR 
[m] [m] [m] [m°] [%] [€] [%] 
PAB-C 8 0.57 400 1824 3304720 
Optimised PAB-D 8 0.8 257 x 0.8 | 1316 28 1979507 40 


5. CONCLUSIONS 


In this paper, a methodological approach for PAB-D optimisation was proposed. The method was 
based on the definition of a set of several PAB-D configurations, all allowing to intercept the 
contaminated plume and to remediate the groundwater, and on the combination of an optimal 
design technique and a cost analysis for each of the configurations considered. The set of PAB-D 
configurations was determined by varying the well diameter (D,,) and assuming both the distance 
between two consecutive passive wells (/) and the line-to-line distance (de) as a function of D,,. The 
methodological approach was finalized to identify the PAB-D configuration with the lowest 
remediation costs. This latter were calculated as the sum of well drilling costs, adsorbing material 
costs and PAB-D monitoring costs. Results showed that a lower amount of adsorbing material was 
obtained by reducing the number of the PAB-D wells and the configuration with D,20.8 m, [21.6 m 
and d.=0.8 m resulted to be the optimised PAB-D layout since the remediation costs were the 
lowest among the configurations tested. 

Finally, a comparison between a Continuous PAB and the optimised PAB-D, applied on the same 
site, showed that the optimised PAB-D determines a 28% and 40% reduction of adsorbing material 
volume and remediation costs, respectively. 
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Abstract 


Hydrometallurgical processes for the treatment and recovery of metals from waste electrical and 
electronic equipment produce a lot of wastewaters containing heavy metals. To become a 
sustainable process, such operations should be developed in order to maximize the recovery of the 
metals of interest and minimize the amount of wastes and wastewaters produced. The research 
activity presented in this paper is focused on the use of ultrafiltration combined with surfactant 
micelles (micellar-enhanced ultrafiltration, MEUF) for purification of leach liquors obtained after 
leaching of NiMH spent batteries. The experiments are carried out in a lab-scale plant, where a 
tubular ceramic ultrafiltration membrane is used with adding a surfactant to concentrate heavy 
metals in the retentate stream, producing a permeate of purified water that can be reused inside the 
process, thus minimizing the fresh water consumption. 


Keywords: NiMH spent batteries; wastewaters; heavy metals; MEUF; water reuse 


1. INTRODUCTION 


The batteries are devices that convert chemical in electrical energy. These are divided in two main 
categories: the primary and secondary cells. In the first ones the internal chemical reactions are 
irreversible. In other words when all reagents are completely transformed in the final products, the 
cells are discharge and become unusable. Zinc-carbon, alkaline, silver, lithium are examples of 
primary cells. The second kind of batteries are therechargeable cells whose charge can be 
completely reestablished by the application of an appropriate electrical energy. There are several 
types with different electrical proprieties, chemical compositions and dimensions. Examples of 
them are: acid-lead, Lithium ions, nickel -cadmium (NiCd), zinc-nickel and nickel-metal-hydride 
batteries (NiMH). 

Every year around 800.000 tons of automotive batteries, 190.000 tons of industrial batteries and 
160.000 tons of portable cells (30% of rechargeable) are market in the European Union [1]. 

All batteries contain a series of dangerous metals, acid and basic solutions that cannot be 
released into the environment at the end of their useful life. For example the lead batteries are 
considered at high toxicity due at the presence of lead and sulfuric acid. For these reasons the spent 
batteries are classified as dangerous waste, Directive 2006/66/EC and Directive 2008/103/EC [2,3]. 
These directives encourage the European States to increase the waste collection and the recycle. In 
particular the directives requires the following targets to be achieved: 45% collection rate for waste 
portable batteries to be met by September 2016; 100% collection and recycling target with the 
prohibition on the disposal by landfill or incineration of waste industrial and automotive batteries; 
and 65% of lead acid batteries,75% of nickel-cadmium batteries and 50% of other waste batteries 


902 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


is recycled. Eurostat provides a series of data related to 2013 that show Belgium, Luxembourg, 
Sweden and Austria are the most virtuous European countries with a ratio from collected spent 
batteries and market batteries of more than 50%, Portugal, Poland and Latvia with less than 30% 
[4]. As regards Italy, 31.896 of batteries and accumulators has been properly collected in 2013, 496 
more than in 2012 [5].In the sector of the production of hybrid cars lead-acid, NiMH are Li-ion 
batteries are used. The first type is destined to disappear for the presence of dangerous materials and 
in part because reduce the efficiency of the car. NiMH batteries contain 36-42% of Ni, 3-496 Co and 
8-10% of rare earths (La, Ce, Pr and Nd) [6].The Li-ion batteries have a negative electrode in 
graphite while the positive one is a metallic oxides(LiCoO», LiFePO4, or LiMn2O;4) and the 
electrolyte is a lithium salt in an organic solvent. The several materials of the batteries influence the 
performance, the cost and the environmental impact. The number of production of hybrid cars will 
increase in the future, for example in the United Kingdom 32.715 (20,5% more than in 2012) were 
sold in the 2013, 7600 in Germany 2013 [7]. In Italy more than 14.800 cars were sold in 2014, more 
than 30% respect to 2013 [8]. The sale of this type of machines is still a market niche compared to 
the traditional machines but already in these years recycling processes of the spent batteries are 
studying to reduce their environmental impact, for recovering metals such as nickel, manganese, 
and recover the critical materials such as graphite and rare earths (lanthanum, cerium, 
praseodymium). The recycling treatments can be classified as pyrometallurgical and hydrometal- 
lurgical processes. The second one consists of material dissolution using reagents (acids or base) 
and recovery of dissolved metals by selective precipitation, solvent extraction, crystallization and 
others chemical operations. The hydrometallurgical treatment could be more or less complex and 
depends on the initial material and on the elements to recover. Pyrometallurgical processes consist 
of recovering materials using furnaces that work high temperatures. A number of companies around 
the world treat spent batteries and the most of them use conventional pyrometallurgical processing 
techniques to produce metals for re-alloying during the production of commercial metals. .The 
majority of existing hydrometallurgical processes for the treatment of spent NIMH batteries include 
a leaching stage, where the battery content is treated with a sulphuric solution [9, 10, 11, 12, 13, 14, 
15, 16, 17] or using HCI solution [19, 20, 21, 22]. These studies have demonstrated that it is possible 
to obtain the quantitative dissolution of metals and rare earths. After dissolution rare earths can be 
selectively recovered by precipitation as double sulfate salts [10, 13, 14, 16, 22, 23] or processed by 
solvent extraction, precipitation and recovered as rare earth's oxides [17, 18]. The previous works 
showed that after rare earths precipitation other metals, mainly zinc, manganese, cobalt and nickel 
remained in the solutions. The residual liquors need to be treated for the removal of these metals. 
The activities introduce in the present paper are just focused on the treatment of purification of the 
residual solutions coming from NiMH spent process. The present paper describes in detail the 
experimental tests carried out on pregnant solutions simulating the leach liquors of NiMH spent 
batteries to separate base metals after rare earths precipitation. The aim is to verify if the MEUF 
technique, successfully employed in other polluted liquid wastes treatment [24, 25, 26], is able for 
treating the residual leaching solution containing Ni, Mn and Zn. The experiments are carried out in 
a lab-scale plant, where a tubular ceramic ultrafiltration membrane is used with adding a surfactant 
to concentrate heavy metals in the retentate stream, producing a permeate of purified water that can 
be reused inside the process, thus minimizing the fresh water consumption. The novelty of this 
study is relative to the use of MEUF integrated in a hydrometallurgical process for the recovery of 
metals from NiMH spent batteries. The results of the experiments showed that MEUF is a valuable 
method to recover base metals from residual solution coming from rare earths recovery step. 
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2. MATERIALS AND METHODS 


2.1. Apparatus description 

Experimental studies have been carried out in a tangential flow Membralox® XLAB 3 (Exekia, 
Bazet, France) laboratory pilot plant with a single tube Membralox® TI1-70 ceramic ultrafiltration 
membrane (Fig. 1). The recirculation pump gives a fixed tangential velocity of about 7 m/s. All 
experiments were performed at room temperature; for the cleaning procedure, in which water was at 
40°C, temperature was controlled by the tank jacket connected to a Crioterm 10-80 thermostatic 
bath. The plant is equipped with a backflush system BF3, controlled by an electrovalve (pressure7 
bar, re-injected volume 3 ml). Backflush was utilized only during membrane cleaning, with 
intervals and lengths regulated manually (frequency 2 min, length 1 s, approximately). The pore 
size of membranes used in experimental work was 210 KDa. 


Air Muffler Air purge 


Retentate 


Back-flush 


Membrane Permeate 


Figure 1.Sketch of the experimental apparatus 


2.2. Feed water characteristics 

Wastewater utilized in this study was a synthetic liquid solution. In details, distilled water was 
produced by a D10-T distiller (Enrico Bruno Company), and depending on the solution to be tested, 
manganese, nickel, zinc and then sodium dodecyl sulfate (SDS) as surfactant. Sodium dodecyl 
sulfate (SDS) of Merck Millipore was used as a surfactant (Molecular mass 288.38 g/mol), 
manganese (II) sulfate monohydrate (Molecular mass 169.02 g/mol) (Sigma Aldrich), zinc sulfate 
monohydrate (Molecular mass 179.45 g/mol) (Fluka), and a nickel (II) sulfate-hexa-/heptahydrate 
(Molecular mass 154.76 g/mol) (Riedel-de Haen) were the metals salt used in the sample 
preparation. The critical micellar concentration (CMC) of SDS at 25 °C is 6 to 8mMand for the 
calculations of the concentration of SDS under CMC we considered 4 mM that correspond to a 
concentration of 1.15 mg/L and 4.025 g of SDS for 3.5 L of solution while for the calculations of 
the concentration of SDS above CMC we considered 10 mM that correspond to a concentration of 
2.88 mg/L and10.08 g of SDS for 3.5 L of solution. The concentration of metals are 9.86 mg/L Zn, 
18 mg/L of Mn, 7.33 mg/L of Ni respectively. 


2.3. Ultrafiltration procedure 
Table 1 shows the experiments carried out for removal of metals as zinc, manganese and nickel 
from a synthetic solutions that simulated the residual liquors coming from a hydrometallurgical 
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process for the treatment of NiMH spent batteries [16,23]. The rejection yields of the metals were 
studied as a function of SDS concentration and pressure using a membrane with 210 KDa. 


Table 1.Experimental plan (tubular ceramic membrane 210 kDa) 


SDS concentration Pressure 
Test [mg/L] [bar] 
1 0 0.8 
2 0 2.8 
3 x2 0,8 
4 x2 2.8 
5 x1 1.3 


The tests were performed at different values of pressure [0.8 and 2.8 bar] and SDS concentration 
[without and with surfactant at concentration greater than CMC, X2]. Moreover another test was 
carried out at average operating conditions than those listed, in particular using a concentration of 
SDS equal to X1 (under CMC) and 1.3 bar. 

Feed tank was filled with 3 L of wastewater solution and TMP is adjusted at the correspondent 
value of pressure with permeate and retentate valves closed; the apparatus is pressurized by 
nitrogen, so it was not possible to work in a continuous way. AfterlO minutes permeate valve was 
open and flux is checked manually. After this, valve remains opened and flux was measured even 
three minutes for five times. Following the feed tank was empty and 3 L of distilled water were put 
inside to estimate flux decline. After each experiment, equipment and membrane were washed with 
alkaline detergents (P3-Ultrasil 25) and rinsed with distilled water until pH returned to the value of 
about 7. Chemical cleaning was necessary in order to get outlet fluxes similar to those obtained with 
distilled water; the cleaning procedure is described in Table 2. 


Table 2.Cleaning Procedure 


Cleaning Concentrati | Backflu | PT Time Permeate Temperature 
Solution on sh [bar] [min] Valve [°C] 
P3-Ultrasil 25 2% yes 1.3 30+30 close/open room 
Distilled Water | - yes 1.8 30 open 50 

Distilled Water | - yes 1.8 30 open 50 


3. RESULTS AND DISCUSSION 


3.1. Flows 
Fig. 2 and 3 shows the flux obtained with 210 kDa membrane, SDS above CMC at different 
pressure value. 

It is possible to note in that there is a constant linear trend for both tests. In the first case the 
maximum value reached with the solution was 300 I/m^h, with dirty membrane and distilled water, 
flows are approximately 900 I/m^h and 300 I/m?h. In the second case the maximum value reached 
with the solution was 150 I/m7h and with dirty membrane and distilled water, flows are 
approximately 250 I/m*h and 120 I/m°h. 
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Figure 2. Membrane flows for test number 4 (2.8 bar) 
120 
100 0 0B s+ a 
y=-x+115,8 * Solution with 

© 80 metals and 
E SDS above 
= 60 ad CMC 
3.46 Distilled 
x y =-1,52x + 72,72 water, dirty 

20 membrane 

0 
0 5 10 15 20 
Time [min] 


Figure 3. Membrane flows for test number 3 (0.8 bar) 


3.2 Rejection Coefficients 
Table 3 and the following figures show the results of the experiments in term of rejection 
coefficients. This coefficient has been calculated as follow: 


C. 


c =(1- 2)x100 (1) 
Cs 
where C, and C; were permeate and solution concentration, respectively. 


Table 3. Rejection coefficients for metal removal 


SDS concentration Pressure Mn Rejection Zn Rejection Ni Rejection 

Test [mg/L] [bar] [96] [96] [96] 

1 0 0.8 5.78 5.42 5.84 

2 0 2.8 0.88 0.86 0.26 

3 x2 0.8 97.05 98.09 96.00 

4 x2 2.8 54.26 56.33 54.20 

5 xl 1.3 80.66 81.60 79.16 
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The removal yields were comprised from very low values, near to zero, until values greater 
than 9596. The best values of the rejection coefficients are obtained in the test 3 with low values of 
the transmembrane pressure, 210 kDa membrane and SDS above CMC. In these conditions 97%, 
9896 and 9696 of Mn, Zn and Ni were removed, respectively. 

The very low yields were obtained in absence of SDS. The surfactant had a strong positive 
effect for the removal of the all metals, and this trend was reported in the Figure 5 in which the 
effect of pressure and SDS concentration for the rejection of manganese was showed. The other 
metals had the same trend of manganese. 


100 
x 80 
S 
5 60 
A E Manganese 
w 
« 40 Zinc 
s 
L7 2 
$ 20 E Nickel 
0 


1 2 3 4 5 
Test Number 


Figure 4: Rejection coefficients for manganese, zinc and nickel removal 


120 


100 


== Manganese without SDS 


Manganese with SDS at X2 
concentration 


Rejection yield [%] 


0 0,5 1 1,5 2 2,5 3 
Pressure [Bar] 


Figure 5: Rejection yields of manganese as a function of SDS concentration 
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4. CONCLUSIONS 


In this paper the purification of residual leach liquors from hydrometallurgical process of NiMH 
spent batteries through Micellar Enhanced Ultra Filtration was investigated. The initial solution had 
a concentration of 9.86 mg/L of Zn,18 mg/L of Mn and 7.33 mg/L of Ni, respectively. 

The removal of Ni, Mn and Zn from solutions was studied as a function of surfactant 
concentration and pressure of filtration using a membrane with size of 210 kDa. 

The results of the tests showed that the presence of surfactant was necessary for the rejection of 
the all metals; in fact this factor had a strong positive effect. Moreover the pressure filtration had a 
positive effect The maximum removal of the metals was 97% for manganese, 98% for zinc and 
80% for nickel. The optimal conditions, among those investigated, were 210 kDa of membrane in 
the presence of surfactant with a concentration of X» and 0.8 bar of pressure filtration for 
manganese and zinc. Instead for nickel a removal of 80% was obtained using a membrane with 210 
kDa, a concentration of surfactant of X, with a pressure of 1.3 bar. 

It was possible to conclude that zinc, manganese and nickel could be effectively removed from 
solution that simulated a residual liquors coming from treatment of NiMH spent batteries in the 
using a membrane with 210 kDa in the presence of surfactant and 0.8 bar of pressure filtration. In 
these conditions the removal yields were more than 95% for manganese and zinc and more than 
65% for nickel. 
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Abstract 


The identification of the source of a contamination in a river, either accidental or intentional, is of 
extreme interest for the technical and scientific communities, because it is the preliminary step 
towards risk mitigation for human, animal and vegetable health. Recently, the development of 
innovative wireless sensors, coupled with computational tools appropriate to analyse big data 
almost in real-time, offers novel opportunities to develop early-warning systems for the protection 
of surface waters. Within this framework, it is possible to use exact solutions of the equations 
describing the conservation of contaminant mass to identify the location where contamination took 
place, if the geometry, the hydraulic parameters and the boundary conditions are sufficiently simple. 
On the other hand, for more general conditions these equations can be solved only numerically. In 
both cases, an inverse problem can be formulated coupling the appropriate solution method to 
heuristic optimization algorithms that provide an optimal solution for the magnitude, the shape and 
the position of the contamination sources. In this paper, a novel identification algorithm, based on a 
parametric method for the contamination inputs, a genetic algorithm for optimization problem and a 
statistical approach to define the best solution, is proposed. As far as the mass conservation 
equation is concerned, the response to a rectangular contamination pattern is computed by both the 
exact solution based on the convolution of the pulse response and the finite difference Cranck- 
Nicolson discretization of the governing equations. These procedures have been applied on a 
hypothetical case study of Volturno river in South of Italy, close to the town of Caserta, modelled as 
one-dimensional flow. The comparison between the two approaches, exact and numerical, to the 
governing equation solution provides interesting results in terms of effectiveness, time responses 
and model limitations, useful to implement an identification network of smart sensors 


Keywords: smart water network; surface water; biosensors; contamination; water protection 


1. INTRODUCTION 

The serious problem of river water contamination is even more frequent and essentially due to 
industrialization, rapid population growth and increase in urbanization [1], but also to the use of 
chemical agents in agricultural [2]. These contamination events can occur also accidentally, for 
example, during the interruption of service of a treatment plant but, unfortunately, in some cases, 
are intentionally caused through non-authorized discharges of urban wastewaters. 

To minimize the contamination risks of surface water, some actions have been adopted to control 
the anthropic activities both in industries as in agricultural. Recently, the 2008/105/EC Directive 
established a list of 33 priority substances requiring special attention concerning water protection, of 
which one-third are pesticides [3]. Anyway, the current techniques used for the determination 
of pollutant concentration, based on sophisticated laboratory equipment, are inherently off-line, 
thereby being unable to provide the desirable quick response. This approach allows only monitoring 
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occasionally the water quality but not to identify the contamination sources that requires many 
distributed spatially and temporally measures. Indeed, the second aim can be obtained only using a 
large sensor network and a real-time monitoring that can allow to build a Early Warning System 
able to recognize the contamination source and rapidly to alert the police and public authorities. 
Nevertheless, these requirements can be very expensive. In other terms, a dense grid of low-cost 
sensors gives more protection than just a few complex stations. 


The recent development of biosensors [4, 5], based on different technologies, as on Luminescent 
bacteria, combined with the quantitative measurement of chemical parameters applying standard 
spectrophotometric/fluorimetric methods, Quartz Crystal Microbalances (QCMs), Fluorimetric 
methods using specific organic liquid reagents, Nanofiber materials with electrochemical 
techniques, Optofluidic jet waveguide, Microwave resonator, Electrochemical, Bio-based 
electrodes, etc. [5] seems highly promising and able to provide devices for real-time monitoring of 
critical situations also with low costs [2]. These technologies can be arranged in a sensor network 
for water early-warning in which the sensors are the eyes of the system. 


The threat of accidental contamination of water systems is not new, but in the past few years 
considerable effort has been devoted to develop mathematical algorithms in support of 
contamination events in water distribution networks [6]. The detection of the pollution source as the 
solution of an inverse problem involving contaminant transport in a river is less investigated. Basic 
concepts can be found in the works by [7] and [8], whereas the interested reader is referred to the 
paper by [9] for a detailed statement of the problem. Apart from the inherent difficulties resulting 
from the ill-posedness of this nonlinear inverse problem [10], most of the practical approaches to 
this problem require the repeated solution of the governing equations describing contaminant 
transport. From the computational point of view, this requirement may become extremely 
demanding if discrete methods like Finite Differences or Finite Volumes are used. Moreover, the 
above methods may suffer from the consequences of finite accuracy, like diffusive or dispersive 
errors [11]. To overcome these difficulties, the present paper explores the use of exact solution of 
the contaminant transport equation built by means of the convolution integral of the impulse 
response, accounting for convective and diffusive transport, comparing the results of the pollution 
source detection for a sample application. A heuristic optimization algorithm implemented in 
MATLAB, is used. Specifically, a smart monitoring system of a river reach by an innovative 
biosensors network, able to identify contamination source, is considered, with the aim to detect the 
position, magnitude, lifespan and time of the local contamination to allow the localization of source 
in a reach enclosed between by two biosensors. 


2. MATERIALS AND METHODS 


The methodology proposed is based on the comparison between the analytical solution and a 
numerical algorithm in order to identify the most likely position X, magnitude C', lifespan ó and 
injection time 7 of the impulsive contamination in a river reach equipped with two innovative 
biosensors, upstream and downstream, as reported in the Figure 1. As already proposed in [2], the 
sensor network can be realised by placing an array of B, smart biosensors along the river, illustrated 
schematically with an indefinite line in the Figure 1. In particular, the river can be split into several 
reaches, generally bounded by two biosensors B, and B,+;. Given the number of biosensors, it is 
possible to limit the space where the contamination may have occurred in terms of some 
identification variables: position X, magnitude C', lifespan ô and injection time T. However, the 
issue concerning monitoring of rivers in detail is beyond the scope of the paper. 


input emission (C*,X,7,6) 


B, Bn 


s-1 


Figure 1. Identification variables and network sector. 


The identification process is achieved comparing measures in P, and B,+; versus simulated values 
using a least squares formulations applied to early warning systems, minimizing the difference 
between measured and simulated concentration predictions, in an attempt to locate the position X, 
magnitude C', lifespan ô and time T. As known, the transport of a conservative pollutant dissolved 
in the flowing water can be described as an advection-dispersion process and the 1-D model 
equation for a non-prismatic open channel can be written as follows [12]: 
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where A is the river cross-section area, C the average solute concentration, D the dispersion 
coefficient, Q is the volumetric flow rate, t is the time and x is the streamwise coordinate. For 
steady uniform flow, when A=const, O=const and D=const., Equation (1) simplifies into: 
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Furthermore, to take into account the injection of the pollutant in the channel, it can be assumed that 
the mixing with ambient fluid is complete and instantaneous. Thus the downstream concentration 
can be computed as follows: 

Cus : Q * C 


pollutant i pollutant (3) 


C, 
Q * LT 


Where the C, is the pollutant concentration just downstream the injection, C,.; is the upstream 
pollutant concentration, Qpoltutant and Cpollutant are the flow rate and the concentration of pollutant, 
respectively. 


2.1 Analytical or numerical solution for identification of contaminant 

As far as the two contamination scenarios CS1 and CS2 are concerned, the partial differential 
equation PDE (2) may be solved exactly. The following boundary conditions applies to both 
scenarios: 


C = const x20 
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The solution can be straightforwardly constructed with the procedure outlined in [13]. The 
expression for the concentration can be written as the convolution of the input signal and the 
concentration for the Dirac function, 


dr (5) 


where the arbitrary input function, g(t) results from the combination of eq. (3) with the scenario- 
specific pollutograph. Alternatively, the partial differential equation PDE (2) with the same 
boundary conditions described above may be also solved numerically with the Crank & Nicolson 
finite-difference method [14, 15]. 


2.2 Identification process for pollution source detection 

The identification process is based on a real-time process driven by analysis of the measures of a 
couple of biosensors in the network, B, and B,+; . The identification of position X, magnitude C', 
lifespan ó and time delay T of the contamination is carried out by an optimization algorithm. 


Specifically, neglecting spills as phase transformation during the flow, the total mass of 
contaminant injected in the reach is conserved and it is measured by the downstream biosensors 
Bs+1. Based on this information, it is possible to define the parameter C "fora rectangular injection, 
discharging upstream at distance -X with the same total mass measured by the downstream sensor 
Bs+; with a lifespan ô and a time delay T: 


.o 1% 
C=- fC -dt 6 
Je (6) 


where ôm and Cm are the measured lifespan and concentration of pollutant in B,.;. The identification 
process is carried out minimizing the following objective function (FO): 


FO = $ ic. (0)- C.) (7) 


where fmax is the total time of simulation, C;(t) is the pollutant concentration at time t computed in 
the downstream section by numerical solution of equation (2), and C,(f) is the measured 
concentration at time t. For the minimization of FO (6) a Genetic Algorithm (GA) [16] was used. 
The identification process is schematically illustrated in the flow chart of Figure 2. 


Compute the : Output: 
pollutant mass Sane X; C*, ô; and T; 


Figure 2. Flow chart of pollution source identification algorithm 


2.3 Input contamination scenarios 

The contaminant emission scenarios, used as inputs in the comparison, are assumed as a rectangular 
pollutograph (Figure 3), whose parameters are the peak concentration magnitude C’, lifespan ô and 
time delay T. Moreover, two Contamination Scenarios (CS) have been investigated: CSI) a 
rectangular pollutograph in a clean reach (i.e. null concentration upstream); CS2) a rectangular 
pollutograph over a constant upstream concentration Cin (measured by biosensor B;). 


C* C* 


» » 
T ô T ô 
| | Cin = cost j | | 
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Figure 3. Two Input Emission scenarios CS1 and CS2. 


3. RESULTS AND DISCUSSION 


The comparison between two approach, analytical and numerical, has been tested on a synthetic 
example, already proposed in [2] in which the considered river strech cosidenred has a length of 10 
km, a flow rate Q=20 m?/sec, mean velocity U=0.7 m/sec and dispersion coefficient D=10 m?/sec in 
compliance with hydraulic properties of a typical Italian alluvial river. 

The analysis is conducted starting from the parameters of theoretical inputs of contamination (Cin, 
Cpoilutant, 0, X, T) which are used to generate the synthetic “measured concentration" (MC) in the two 
scenarios. Their values are reported in Table 1. For sake of simplicity, in the following analysis, the 
delay 7 has been set equal to zero. Furthermore, the contaminant volume injected in both 
scenariohas been assumed equal to W=10 m. Figure 4 illustrates with continuous line the time 
evolution of the MC for Contamination Scenario 1 (CS1) and (CS2). 


Table 1. Contamination parameters 


CS1 CS2 
Cin [mg/l] 0.00 0.30 
Cottutant [mg/l] 5-10° 5.10 
C [mg/l] 2.626 3.218 
6 [sec] 900 900 
X [m] 3500 6000 
T [sec] 0 0 
W [mî] 10 10 


In Table 2, the identification results are reported, showing the effectiveness of the proposed 
approach based on the convolution integral (5): in both scenarios, very low values of FO, along with 
practically the correct value of the injection point (with a maximum error of 50 m) of the 
concentration magnitude C , the positioning X, lifespan ô and time delay T, have been identified. 

As far as the numerical solution of Eq. (2) is concerned, the analysis has been repeated for three 
values of the space step Ax, assuming at first the typical value Ax-28 m, a larger (2Ax) and a 
smaller one (Ax/2). The computational time needed to solve the identification problem is also 
reported in Table 2. 
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Figure 4. Measured Concentration in B, and D,., respectively for CS1 (a)-(b) and CS2 (c)-(d). 


Table 2. Identification results for SC1 and SC2 


Magnitude  Lifespan Positioning Execuuon 
C [mg/l] 6 [sec] X [m] Tune ES 
[sec] 
Scenario 1 Analytical 2.627 900 3500 3-107 71310" 
Numerical 2.665 910 3503 6:10? 190.48 
Numerical [Ax/2] 2.667 920 3498 1:10 220.10 
Numerical [2Ax] 2.652 820 3495 2:10? 638.92 
Scenario 2 Analytical 3.449 914 6004 2-10 99.26 
Numerical 3.544 909 5986 3:10 76.98 
Numerical [Ax/2] 3.532 933 5987 4:10* 293.36 
Numerical [2Ax] 3.547 748 5983 2:10? 707.92 


In order to provide a more detailed assessment of the performance of the two approaches, Table 3 
and Table 4 reports the values of four statistics of the temporal distribution of the Measured 
Concentration at the downstream sensor, namely the mean concentration, the Standard Deviation 
(S.D.), the Skewness and the Curtosis. 

Table 2 and 3 show that the values of the parameters identified through the numerical solution of 
the governing equations are in worse agreement with the true ones compared with those obtained 
with the aid of the exact analytical solution. Correspondingly, the FO values are generally larger 
than those corresponding to the analytical solution. 


Table 3. Identification results for SC1 


Mean S.d. Skewness Curtosis 
Scenario 1 Analytical 0.1802 03027 3.014 9.9050 
Numerical 0.1790 0.3059 3.3448 10.2090 
Numerical [Ax/2] 0.1789 0.3053 3.3330 10.1166 
Numerical [2Ax] 0.1790 0.3061 3.3468 10.2250 


Table 4. Identification results for SC2 


Mean S.d. Skewness Curtosis 

Scenario 2 Analytical 0.4802 0.3703 3.6907 12.7691 
Numerical 0.4794 0.3813 3.7658 13.3606 

Numerical [Ax/2] 0.4794 0.3798 3.7575 13.2949 

Numerical [2Ax] 0.4778 0.3797 3.7845 13.5033 


Moreover, a slight but appreciable dependence of the identification results on the mesh spacing 
adopted is found. Finally, as far as the computational cost is concerned, the execution time is 
comparable only for the coarser mesh. The finest resolution considered caused an increase of more 
than one order of magnitude of the execution time, without any significant increase in the accuracy 
of pollutograph parameter estimation. 


As far as the time statistics are concerned, the analytical ones are found to coincide with the true 
ones, whereas those based on numerical solution are affected by a mesh-dependent inaccuracy, 
which in the present example is about 5 % for the higher-order statistics. 

Based on the above results, in both the scenarios the exact solution therefore allows more accurate 
and efficient solution to the pollution source identification problem. However, this advantage is 
counterbalanced by the restriction to simple geometries and constant parameters, which limit the 
validity the exact solution (5). On the other hand, the procedure based on the numerical solution of 
the transport equation can be straightforwardly extended to the case of non-uniform distribution of 
the flow velocity and/or of the diffusion coefficient, to one-dimensional time-dependent flows as 
well as to contamination problem involving even two- or three-dimensional flow fields, provided 
that a suitable computational power is available. 

Further research will be devoted to investigate the effect on the identification of potential source of 
disturbance such as measuring errors, uncertainties in the flow parameters, unknown shape of the 
pollutograph. 


4. CONCLUSIONS 


The identification of the pollution source in a river may be regarded as an inverse problem driven 
by the measured concentrations upstream and downstream the injection point. Common approaches 
to this problem require the repeated solution of the governing equations expressing the convective 
/diffusive contaminant transport, which is usually performed by means of discrete numerical 
methods. In the present paper, an alternative strategy based on the use of exact solution of the 
contaminant transport equation built by means of the convolution integral of the impulse response, 
has been explored. These two approaches have been embedded in an heuristic optimization 
algorithm and compared with reference to a sample synthetic application. In the considered 
examples, the approach based on the exact solution provided at the same time more accurate results 
and a considerable reduction of the computational cost. However, the procedure based on the 
numerical solution of the transport equation can be extended more easily to more complex flow 
fields of certain practical applications, for which the exact solution is not available. 
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Abstract 


An experimental and modelling analysis of benzene/toluene removal from model groundwater by 
adsorption on a commercial activated carbon was carried out in single-compound and binary 
systems. Single-compound results show that toluene is adsorbed more than benzene and an increase 
in its adsorption capacity gives rise to lateral interactions between adsorbed molecules. This is 
probably due to the presence of electron-donor methyl groups, which determine an increase in the 
electronegativity of the aromatic ring and, consequently, stronger attractions to the nucleophilic 
carbon basal plane. Binary results indicate that toluene has the highest adsorption capacity, but 
some competitive effects arise for both analytes. A modelling analysis of the binary system shows 
that the Ideal Adsorbed Solution Theory (IAST) model can provide a very good prediction of 
adsorption data for both compounds in all the investigated range of concentrations. 


Keywords: groundwater; benzene; toluene; competitive adsorption; isosteric heat of adsorption 


1. INTRODUCTION 


Organic micropollutants, such as benzene and toluene, are typical groundwater contaminants and 
their occurrence is mainly due to accidental leakages and illegal discharges of gasoline or petrol 
derivatives [1,2]. These compounds are toxic; in particular, benzene is formally recognized as 
carcinogenic [3]. Accordingly, maximum contaminant levels for groundwater are established 
worldwide. 

The removal of these compounds from polluted groundwater is a necessary task and adsorption 
is widely used as a remediation technique. Adsorption can be applied as an ex-situ treatment, like in 
the Pump & Treat technique, or as an in-situ treatment, like in permeable barriers made of 
adsorbing materials (Permeable Adsorptive Barriers) [4,5]. Regardless of the specific application, 
adsorption has proven to be a reliable technology, characterized by good efficiency and great 
versatility that make it suitable to be applied also when a multiple contamination occurs [6,7]. In the 
last years, several experimental works have been carried out to assess the effectiveness of various 
sorbents, both commercial [8,9] and low-cost materials [10,11], in capturing benzene and its 
derivatives, and activated carbon (AC) seems to be the most frequently used material. 

In the latest scientific guidelines, adsorption is listed among the BATs (best available 
techniques) for groundwater depuration [12] and there is a renewed interest in a critical study of 
adsorption phenomena, focusing on each single sorbate and its peculiar adsorption properties. 

As to aromatic compounds in their molecular form (i.e. when solution pH<<pKa), it is 
commonly believed that a high concentration of acidic oxygen-containing surface groups is very 
detrimental to adsorption due to a preferential water adsorption, regardless of sorbate polarity 
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[13,14]. On the contrary, a high micropore volume enhances the adsorption of aromatic compounds, 
even if stearic hindrance phenomena might occur [15]. However, the influence of the molecule 
structure and, in particular, of the substituent functional groups on aromatic rings should be taken 
into account in order to assess the adsorption dynamics of specific aromatic compounds. Hence, this 
work aims at analysing the mechanism of adsorption of benzene and toluene in model groundwater 
on a commercial granular activated carbon (GAC) and their influence on competitive adsorption. 
Experimental tests were carried out both in single and binary systems, by varying some of the main 
thermodynamic parameters (i.e. concentration and temperature). A thermodynamic analysis was 
carried out in order to assess the energetic interactions between sorbates and GAC surface, so to 
address the differences in their adsorption capacity. Finally, a modelling analysis was made. 


2. MATERIALS AND METHODS 


The activated carbon used in this research work (Filtrasorb 400, F400, from Calgon Carbon 
Corporation) is mainly microporous (micropore volume equal to 0.33 cm? g^) and with a BET 
surface area approximately equal to 900 m^ g’'. The surface is slightly basic with a pHpzc=8. A 
complete list of chemical and physical properties is reported in Balsamo et al. [16]. 

Adsorption tests were carried out in batch mode using an organic-free mineral water whose 
chemical properties are representative of groundwater (pH = 8 and salinity = 0,46 mM); a complete 
list of its chemical and physical properties is reported in Erto et al. [17]. The working solutions 
were prepared by spiking water samples with benzene/toluene stock solution (Sigma Aldrich, 
99.096). A variable amount of activated carbon (0.3-1.5 g) was added to a 100 mL headspace-free 
glass vessel of mineral water. For single-compound tests, the temperature was varied in the range 
10-50°C, while a binary test was made at 20°C. In particular, the binary test was made on samples 
with the same volume, activated carbon dosage and initial analyte concentration ratio (CEC ta = 
1:1, on molar basis) but different benzene and toluene initial concentrations. 

Benzene/toluene concentrations were measured with a gas chromatograph (Agilent, GC 6980) 
equipped with a flame ionization detector (FID). A Purge and Trap system (Tekmar LSC-2000) was 
adopted for sample extraction. 


3. RESULTS AND DISCUSSION 


Adsorption tests on single-compound systems were carried out at four different temperatures, in 
order to determine the trend of isosteric heat of adsorption (4H) as a function of surface loading. 

Figure 1 reports the adsorption isotherms of benzene and toluene on F400 activated carbon. 

The experimental results show that the adsorption capacity of both compounds decreases by 
increasing temperature, as one would expect given the exothermicity of adsorption phenomena. For 
each temperature level, toluene is adsorbed more than benzene. 

Based on the experimental data of single compounds at different temperatures, the heat of 
adsorption at constant amounts of adsorbate adsorbed — i.e. the isosteric heat of adsorption (AH, 
Jmol") - was calculated. This parameter can provide useful indications on the interactions between 
adsorbate and adsorbent, which, in turn, can be related to the different molecular structure of the 
adsorbates. The isosteric heat of adsorption corresponds to the ratio of the infinitesimal change in 
the adsorbate enthalpy and the infinitesimal change in the amount adsorbed. It can be calculated by 
the known Van't Hoff equation [15,16]: 
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Figure 1. Adsorption isotherms of benzene (A) and toluene (B) onto F400 as a function 
of temperature. Equilibrium pH=8. Comparison with isotherm models (lines) 


To this aim, the benzene/toluene equilibrium concentrations (C) at constant amount of adsorbed 
compound (œ) are taken from the experimental adsorption isotherm data at different temperatures 
(from Figures 1A and 1B). The isosteric heat of adsorption (AH) at different amounts of adsorbed 
benzene/toluene can be calculated as the slope of the plot of In(C) versus (1/T) (Eq.1). The 4H 
values are shown in Figure 2: 
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Figure 2. Isosteric heat of adsorption (AH) as a function of surface loadings (@) 
for benzene and toluene adsorption on GAC. 


The thermodynamic analysis shows that, in the range of surface coverage investigated, the isosteric 
heat of adsorption of benzene is almost constant, also taking into account the error propagation of 
the analytical determination of benzene equilibrium concentration. This result implies both the 
energetic homogeneity of adsorption sites towards benzene molecules and the absence of lateral 
interactions between benzene molecules adsorbed on carbon surface [18]. This is likely due to the 
benzene molecule structure, perfectly symmetric and non-polar. On the contrary, the toluene 
isosteric heat of adsorption decreases by increasing surface loading and is always greater than the 
correspondent value of benzene, in particular for low AC surface coverage. In this case, the result is 
likely to be ascribed to the interaction between toluene molecules adsorbed rather than to the 
heteroenergetic character of the adsorption sites [18]. In fact, benzene and toluene adsorption 
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mechanisms are expected to be the same; hence, also the active sites involved on the carbon surface 
are expected to be the same. The only difference lies in the adsorbate molecule structures; indeed, 
the addition of a methyl group to the aromatic ring of the toluene molecule gives rise to a non- 
symmetric charge distribution, which can influence the interactions between the adsorbed 
molecules. In general, it can be stated that the adsorption mechanism of aromatic molecules, such as 
benzene and toluene, involves dispersion interactions (i.e. London-Van Der Walls forces) between 
delocalized z-electrons of the condensed polyaromatic carbon sheets and the aromatic ring. The 
presence of an electron-donor functional group linked to the aromatic ring of toluene (i.e. methyl) 
determines an increase in the electronegativity of the ring and, consequently, stronger attractions to 
the nucleophilic carbon basal plane [8,19]. This can also explain the higher adsorption capacity of 
toluene for each investigated temperature. It can be concluded that the different molecule 
configuration and polarity are likely to determine the different energetic interactions with the 
carbon surface, thus influencing also their overall adsorption capacities. 

The determination of the best descriptive model for benzene/toluene adsorption onto AC is 
directly related to the individuation of the adsorption mechanism. Organic compound adsorption is 
believed to be based on a micropore filling mechanism [18,20] but in dilute systems like those 
under analysis, adsorption can also be adequately described by different mechanisms [17]. 

In order to test the classic adsorption model, a nonlinear least-squares regression analysis on 
benzene and toluene adsorption experimental data was performed. The least residual sum-of- 
squares (ResSS) was used as a criterion to determine the best fitting parameter of each model. 

The isotherm model equations and the model parameters for benzene and toluene adsorption at 
T=20°C, taken as an example, are reported in Table 1 and 2, respectively. The analysis included the 
mean value and standard error of the parameters as well as the coefficient of determination (R5. 


Table 1. Isotherm model parameters from benzene adsorption regression analysis at T=20°C 


Value 
Isotherm Equation Parameter Mean |Std error) T- R? 
test 
K (m"/mol) 1.89-10 | 4.86-10° | 3.89 
= B.In(K 
POE Cae) B (mol/kg) 2346 | 2299 |13.69 |??? 
K -1 
TN , »a| 2.62 | 2.65-107| 9.87 
Freundlich: @=k-C a ey 0680 |387.10!| 12.25 0.973 
nU [hax (mol/kg) 1.17 |7.05-107 | 16.65 
Langmuir: RTI AG (kJ/mol) -9.88 | 3.2-10' | 22.82 |0.994 
icu K (m*/mol) 5.71-10! | 1.09-10' | 5.31 
ie [lax (mol/kg) 1.60 |2.12-10" | 7.55 
Pd = Sas K (mmol) 854 | 414 | 2.06 |0.979 
Plone TE) n 6.73-107 |6.79-10? | 9.90 
Dubinin- i RT |c, a rayo (mol/kg) 2.41 0.71 3.41 
Radushkevich: o=o oo|- Zu E (kJ/mol) PETS N IE cds 
"m n7 hax (mol/kg) 1.75 .|2.63-10' | 6.66 
inre Q- Ou. oa|-(Zn() [Eamon 1.68-10' | 1.05 | 16.03 | 0.994 
i i 677 ]n 2.65 039 | 6.73 


The benzene adsorption data analysis shows that the best fitting models are Langmuir and Dubinin- 
Astakov. However, the fundamental hypotheses of these models are markedly different, i.e. 
monolayer adsorption on isoenergetic sites and multilayer pore filling mechanism on 
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heteroenergetic sites, respectively. Based on the isosteric heat of adsorption analysis, it was 
concluded that benzene adsorption on AC is isoenergetic in the experimental conditions 
investigated. Hence, even if multilayer adsorption cannot be definitely dismissed dealing with an 
organic compound, in dilute solutions benzene adsorption is likely to occur following the 
monolayer mechanism adequately described by the Langmuir model (Figure 1A). 

For toluene adsorption data, the best fitting models are Freundlich, Langmuir-Freundlich and 
Dubinin-Astakov, while the Langmuir model is far less effective. Also in this case, the results are 
consistent with the outcomes of the isosteric heat of adsorption analysis, which highlighted the 
presence of heteroenergetic interactions between toluene molecules and AC surface, which are 
incompatible with the Langmuir model base mechanism. 


Table 2. Isotherm model parameters from toluene adsorption regression analysis at T=20°C 


Value 
Isotherm Equation Parameter Mean |Stderror| T- R? 
test 
K (m^/mol) 3.97.10! | 1.5810! | 2.52 
= B.In(K 
Ton sita) B (mol/kg) 261-10 |2.91-10?| 9.03 | 0.901 
K -2 
T MET aa| 6.72 5.98.10? | 11.25 
Freundlich: oa=k-C pie 447-10! 220-10? | 2035 0.989 
ee [has (mol/kg) d 1.94- 10 | 9.43 
Langmuir: D T AG (kJ/mol) 1.12-10! 2.4 18.52 | 0.941 
. 3 K . 
K (m’/mol) 9 80-10! 2972 3.58 
. pr [hax (mol/kg) 1.92.10" | 8.21-10° | 0.23 
uM cy = Sa K (mmol) 3.54.10?| 1.53 | 0.23 [0.989 
EE PE n 4.49.10! | 2.74-10! | 4.88 
Dubinin- B [RT [ej ° | Zax (mol/kg) 3.57 1.84 1.94 
Radushkevich: T] (fa eer 1.31-10* | 3.33-10° | 3.93 |0978 
- n| [hax (mol/kg) 1.41-10° | 5.86-10° | 0.24 
y p= oy en -(( )) E (kJ/mol) 8.17-107 | 3.16-10° | 0.26 |0.991 
cn 5.55.10! | 4.53-10! | 1.23 


Hence, for toluene data modelling, the Freundlich model can be successfully used (Figure 1 B), 
also considering that the other models selected show very high uncertainty in parameter estimation, 
as their high relative standard errors confirm. 

For a deeper analysis of benzene/toluene adsorption mechanism, a binary test was carried out, 
also to test the occurrence of competition phenomena during their simultaneous adsorption on the 
same activated carbon. As discussed above, benzene and toluene are expected to adsorb according 
the same mechanism, but adsorption phenomena strictly depend on analyte concentrations, hence 
the behaviour of the binary system cannot be easily predicted. 

Figure 3 reports the experimental results for benzene and toluene binary adsorption. For both 
analytes, the corresponding single-compound adsorption isotherm at the same temperature was also 
included, to allow for a direct comparison. The analysis of the binary experimental data showed that 
toluene is adsorbed more than benzene, following the same behaviour of the corresponding single- 
compound systems. This result is consistent with those reported in previous works dealing with the 
adsorption of organic compounds from water (e.g. [21]). Moreover, a significant reduction in 
adsorption capacity with respect to the correspondent single-compound data was observed for both 
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compounds (except for a very low concentration range for which single-compound and binary 
adsorption data almost overlap), indicating the competitive adsorption toward the same active sites. 

The interference and competition phenomena arising in these systems can be described and, 
sometimes predicted by specific adsorption models, whose mathematical formulation can be more 
or less complex, depending on the physical adsorption mechanism hypothesized. To this aim, a 
multicomponent Langmuir model was initially chosen for its simplicity and low number of fitting 
parameters, easily valuable through single-compound experimental tests [21]. The equations 
representing the multicomponent Langmuir adsorption model are reported in fundamental works on 
adsorption (e.g. [18]). The comparison between Langmuir multicomponent model and binary 
experimental data (not reported) provided average results until a definite AC surface coverage 
(approximately equal to 0.2 mmol g`’). For higher values, the model was substantially inadequate 
for both compounds. 

In order to find a valid model in the entire range of equilibrium concentrations tested, the 
binary experimental data were analyzed in light of the Ideal Adsorbed Solution Theory (IAST) 
model [22]. The IAST model provides a thermodynamically consistent method for predicting 
multicomponent adsorption isotherms using single-compound isotherm data. 


O Benzene binary 
144 o v  Benzene single 
Toluene binary 
o ©  Toluene single 
1.24 
o 
- 104 
D o V 
© 
E 084 o v 
E o V 
S |o v o 
0.6 y o 
o 
044 LU 
V 
? [o 
0.2 P 
0.0 T T T T 
0.00 0.02 0.04 0.06 0.08 0.10 
C, mmol L” 


Figure 3. Benzene and toluene adsorption isotherms in binary system (1:1, on molar basis) onto 
F400 activated carbon. T= 20° C, equilibrium pH=8. Comparison with single-compound data 


The IAST model is based on the assumption that the adsorbed mixture forms an ideal solution in 
equilibrium with liquid phase at a constant spreading pressure for each solute (z;), in analogy with 
Raoult's law for vapour-liquid equilibria. Moreover, it hypothesizes a reduction in adsorption 
capacity of both compounds in binary systems with respect to their single-compound counterpart, 
and proportional to the latter. In IAST model, the following five basic equations are used to predict 
multicomponent adsorption capacity from the corresponding single-compound data: 


— 0 1— 
C; -C;(T,P,z):z, i=1...N (2) 
z= isl...N (3) 
Or 

N 
ds (4) 

i=l 
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dde i =1...N (5) 


i 0 
m (Ch ==. | =i dC? i=1...N (6) 


Where: 
e Ciisthe equilibrium liquid concentration of adsorbates in a multicomponent system; 


e Cjisthe equilibrium liquid concentration of adsorbates in a single-compound system; 


e œ is the single-compound adsorption capacity calculated, at same pressure, temperature and 
spreading pressure of the multicomponent system; 

e z; is the mole fraction of each compound on carbon surface; 

e ris the total surface loading, i.e. the sum of solutes adsorption capacities (c;) in the 
multicomponent system; 

e Ais the specific adsorbent area; 

e Ris the universal gas constant; 

e Tis the absolute temperature. 


Further details on IAST model are reported in Erto et al. [21]. The application of the model 
requires an appropriate single-compound adsorption model, so as to allow a reliable prediction of 
multicomponent adsorption data. In this work, the Langmuir equation parameters obtained from the 
single-compound systems (Tables 1-2) were used as they provided the best comparative results. In 
Figure 4, the results of the LAST modelling analysis are reported. 


1.0 


o, mmol g” 


—— Benzene IAST model 
— Toluene IAST model 
O Benzene binary 
LH Toluene binary 


0.00 0.02 0.04 0.06 0.08 0.10 


C, mmol L” 


Figure 4. Modelling of benzene/toluene binary adsorption system (Cben:C°to = 1:1) by IAST model 


It can be observed that the modelling results are very satisfying for both compounds, as the 
adsorption capacity is correctly predicted on the entire range of equilibrium liquid concentrations 
tested, as requested. It can be deduced that the binary system tested has an ideal behaviour under the 
experimental conditions adopted; hence, the interactions between the adsorbed molecules can be 
considered as negligible. This result is in line with the adsorption mechanism derived from the 
thermodynamic analysis reported above. Actually, even if for toluene the presence of lateral 
interactions can be reasonably expected also in binary system, their occurrence can be neglected 
because of the lower equilibrium concentrations tested, which in turn are due to its significantly 
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higher adsorption capacity (cf. Figure 3). In conclusion, the IAST model is a valid tool for the 
prediction of adsorption data of the investigated system and the predictable character of the model 
allows its extension to wider experimental data, until lateral interactions between adsorbed 
molecules arise and determine a non-ideal behavior of the system. 


4. CONCLUSIONS 


The adsorption of benzene and toluene from simulated groundwater onto an activated carbon, 
both in single-compound and binary systems, was studied. Experimental results in single-compound 
systems showed that, for each temperature, toluene is adsorbed more than benzene. 

The analysis of the isosteric heat of adsorption showed the existence of lateral interactions for 
toluene adsorbed molecules, likely due to the addition of an electron-donor functional group (i.e. 
methyl) to the aromatic ring. This group gives rise to a non-symmetric charge distribution, an 
increase in the electronegativity of the ring, stronger attractions to the nucleophilic carbon basal 
plane, thus influencing also the overall adsorption capacity. 

The experimental data on binary system showed that toluene is adsorbed more than benzene, 
mirroring the same behavior as the corresponding single-compound systems. However, a significant 
reduction in adsorption capacity with respect to the corresponding single-compound data was 
observed for both compounds, which confirms there is competitive adsorption toward the same 
active sites. Finally, very good data prediction can be obtained by IAST model in the entire range of 
the equilibrium concentrations tested. 
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Abstract 


Greece, a country of a 16,000km long coastline and hundreds of islands and islets, boasts herself for 
being a leader in coastal and marine tourism due to the numerous summer visitors of its islands. The 
mere number alone, 22 only, of the organized marinas situated in Greece is a significant indicator of 
the country's underperformance in the yachting/boating/marinas area, a vital and increasingly 
popular, internationally, subcategory of marine tourism. While a marina per island approach may 
not be a financially viable and environmentally sound approach, a closer look at the Greek 
permitting and licensing procedures and regulations reveals a heavily bureaucratic and time 
consuming procedure masked under the premises of environmental protection, which prevents even 
a more structured and organized marina/harbor/anchorage scheme. Water related (dredging, 
construction of piers and breakwaters etc.) and land related impacts (run-off into wetlands, lost land 
use, dust etc.) are unavoidable but modern technologies and innovation have yet to be implemented 
in the outdated laws and required procedures. For Greece to remain competitive in the marina 
tourism industry, the challenge is to simplify the procedures which cause delays and set obstacles at 
no expense however of the environment and landscape which is the single most important reason 
for Greece's leading place in the global tourist scene. 


Keywords: marinas; marine tourism; licensing procedure 


1. INTRODUCTION 


Tourism has traditionally been one of the Greek economy's driving forces, as is confirmed by the 
Travel and Tourism sectors’ contribution to the Gross Domestic Product (GDP) for the years 2000- 
2013, which was approximately 1796. (Source: SETE, August 2014 based on data provided by the 
Bank of Greece and the World Travel & Tourism Council). The reasons people chose to travel for 
vacation varies with some of the main categories being nature, culture, city trips, sports-related 
activities, specific events but almost half (4696) of the Europeans who traveled in 2013 did so, to 
visit destinations where sun/beach prevail (Source: Flash Eurobarometer 392). For a country like 
Greece which is being regarded as one of the top summer destinations worldwide, it is reasonable to 
assume that marine tourism, and marinas in particular, would constitute a significant role in the 
country's growth efforts. While steps have been taken towards this direction, Greece still lags 
behind some of its main competitors in marine tourism, with the permitting and licensing 
procedures for marinas requiring feedback from numerous public agencies and significant time 
which in many cases discourage any investors to proceed with any new marina developments. One 
of the main reasons that permit issuance is usually delayed is attributed to environmental issues 
which in some, but not all cases, may be justified. However a study of the main environmental 
challenges posed in port, harbor and marina construction suggests that the bureaucracy involved 
around such matters and the number of stakeholders in charge of providing consent for approval is 
the main source of delay and/or annulment of new marina projects and not the environmental 
concerns. While it is important to preserve, Greece's natural landscape, which is along with its 
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weather, the most important reason for attracting tourists, this does not mean it has to be done at the 
expense of new marinas' development and hence the environmental protection laws that exist need 
to be enhanced through a modernized, simplified permitting procedure. 


2. DEFINITION OF RECREATIONAL/TOURIST PORTS ACCORDING TO GREEK 
LEGISLATURE 


According to Act no. 4070/Government Gazette Volume A, Sheet Number 82/April to" 2012, 
Article 156 [1], “Tourist Port" for recreational vessels is the land and sea area which is intended as 
a primary reason for/and to support functionally the berthing of recreational and watersport vessels. 
“Tourist Ports” comprise of marinas, boat shelters and anchorages. 

Marina is the “tourist port" which provides land and water infrastructure for the service of 
vessels and their users according to the specifications defined in the Ministry of Culture and 
Tourism’s resolution. 

Boat shelter is the “tourist port” with basic building facilities of a minimum plan area for the 
port authorities of 100m? which provisions and services for water, power, communications, fuel 
supply, slops and trash collection, fire fighting, accommodation and basic hygiene. 

Anhoarage is the “tourist port" which is formed within sheltered havens, lakes and rivers for a 
limited number of berths with light equipment which does not have permanent impact on the 
environment and fundamental infrastructure. 

Based on the definitions above Greece has only 22 marinas (and an additional one located in 
the Mesolonghi lagoon) for a coastline of approximately 16000km. Even though this figure may be 
slightly deceiving due to the numerous uninhabited islands and islets of numerous sizes, the number 
of marinas for an island nation is considered to be very small and at the same time very limiting for 
the potential growth of the marine tourism industry. Comparing Greece's marina infrastructure to 
that of its two main competitors (Table 1) the country's underperformance in this sector of the 
tourism economy is evident, as countries with less than half of Greece's coastline length have twice 
as many marinas and number of berths. 


Table 1: Croatia-Turkey-Greece, Comparison of Marinas and Berths 


Country Coastline Number of Marinas Number of Berths 
(km) [2] 

Croatia 5835 56 ~16000 

Turkey 7200 43 >13121 

Greece 16000 22 - 8000 


Greece has a great potential of growth in marine tourism due to the plethora of major islands at 
very close distances. Nowadays the Athens Riviera marinas are the main bases for sailing boat 
cruises which are currently limited to a 7-day to their vast majority. Development of more island 
marinas can extend the duration of these cruises to bring visitors to more islands as suggested in 
Figure 1. It is understood that the one-marina-per-island model may not be an economically viable 
solution but a careful study of the island network can provide an overall master plan for the 
development of more marinas. 
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Figure 1: Multiple-day Cruise Potential in the Central Aegean Sea 


3. ENVIRONMENTAL ISSUES FOR THE DEVELOPMENT OF MARINAS 


Any type of construction is anticipated to have impacts (greater or lesser) to the environment and it 
is mainly the engineers’ responsibility to mitigate them. Identifying the potential impacts is a very 
critical step in the design process and the meticulous study of the local conditions is very important. 
The experience has shown that developments can have serious implications for many aspects of the 
environment. Because of the nature of maritime works, a wide range of very different 
environmental activities are likely to be affected in one way or another, many of these permanently. 
Developments require sound management of natural resources, particularly renewable resources, 
and systematic attention to their impact on the environment. Renewable resources include living 
resources (plants, animals and fishes) and other natural resources (particularly soils and water) that 
create or sustain life and that are self-renewing if not mismanaged. However, some general 
environmental issues exist which can be addressed early on irrespective of the location and they 
have been described in Wolrd Bank’s Technical Paper Number 126 Transport and the Environment 
Series, “Environmental Considerations for Port and Harbor Developments” [3]. Marinas in many 
cases involve lighter structures, such as floating pontoons, when compared to gravity type 
structures, and therefore have a smaller environmental impact but issues are common for any 
marine facility and the most critical are described below. 
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3.1 Water Related Impacts 


3.1.1 Impacts caused by dredging 

Dredging, whether be it for the formation of navigation channels or for the general dredging of the 
basin may be problematic due to the dispersal and settlement of resuspended sediments on sensitive 
aquatic ecosystems. For this reason in Greece a permit to reintroduce the dredged material in areas 
with sea depth of over 50m is required and in some cases the dredged materials have to be 
transported and disposed on land which can be a very costly operation. 


3.1.2 Construction of piers, breakwaters and other structures 

The construction of gravity type structures provide the biggest problems which mainly consist of 
erosion and accretion effects when such structures are in zones of high littoral sediment transport. 
Sediment bypassing arrangements may be considered to preserve downdrift coastlines and also care 
needs to be taken in closely-formed basins which if not properly designed (through the use of 
mathematical modes or physical models for example) then difficult sea conditions which may 
affecting the berthing boats may develop. 


3.1.3 Ship discharges-bilge water-sewage 

To prevent vessels from discharging oily and bilge water as well as sewage in an unorganized 
manner which can result to pollution of the marine environment, modern marinas are required to 
provide facilities to receive wastes from the berthed vessels. 

In marine environmental impacts, there is very often the need for monitoring of water quality and 
the sea floor by marine biologists and other specialists. This monitoring should be commenced 
during the preparation stage and continued in many cases long after the completion of the project. 


3.2 Land Related Impacts 


3.2.1 Relocation; lost land use; involuntary resettlement 

There are many instances where marina development need to relocate an existing village, or a 
fishermen's beach or agricultural lands. An acceptable resettlement plan will have to be made an 
integral part of the project. Socio-economic studies are commenced as soon as project design since 
resettlement can be more complicated than the project engineering and very time consuming. In 
such a case where resettlement may be mandatory, the goal is for the resettling population to be 
better off under the new circumstances. 


32.2 Dust and other airborne emissions 

Wind blown dust from bulk materials stockpiles during construction as well as the traffic from the 
construction vehicles may cause temporary environmental issues which need to be addressed in 
order to minimize the effect on the surrounding population. 


3.2.3 Waterfront Drainage 

Modern design practices dictate the slope of any quay to designed in a way to avoid discharge of 
stormwater or any spill material into the marina waters, a provision which was not in place in older 
port and harbor designs. The stormwater is preferable to be collected and to be passed through an 
oil-water separator before being discharged. 


3.3 Classification of Marina Environmental Impacts 
The environmental impacts likely to result from marina developments, can be further classified as 
follows: 
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3.3.1 Impacts resulting from the construction activity 

These commence usually as soon as construction has been launched. 

However, impacts may persist beyond the construction period especially if they result from 
unnecessarily disruptive or careless engineering /construction practices. 


3.3.2 Operational impacts - there are three categories 

1) Those that are losses or degradation of the environment and result from some alteration 
(frequently irreversible) attributable to the project; 

ii) Those that are not necessarily irreversible but persist as long as the project continues to operate 
and the related activities continue; and 

iii) Those resulting from the decommissioning of redundant facilities coupled with the need to 
rehabilitate the affected areas to an acceptable environment standard. 


As discussed in this section various environmental impacts do exist in marinas development 
that need to be identified and considered. However, experience and knowledge that has been gained 
(and which has also been incorporated into legislature) proves that these impacts can be addressed 
in the design of a certain project. The existence of environmental impacts, as these are identified in 
the required Environmental Impact Assessment Study, should not be the basis for a cancellation of a 
development/investment but rather it shall form the basis for addressing efficiently these potential 
impacts. Figures 2-4 depict successful examples of marinas development of various sizes and for 
the accommodation of different types of vessels (sailing boats vs. Mega yachts for example) both is 
an urban and rural environment which proves that with the proper design and consideration of the 
surrounding natural environment, solutions can be available. In many instances, as in the case of 
Athens Marina (Figure 2), the development of marina may lead to an upgrade of an entire plot of 
land. Prior to the construction of the marina in Neo Faliro the beach front area was a rarely visited 
area full of trash being washed off at its shore. 


Figure 2: Athens Marina (former Faliro Marina). The construction of the marina for super yachts 
led to an upgrade of the area which was prior a rarely visited sea shore full of debris 
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Figure 4: Porto Karras Marina. The marina with berths predominantly comprising of floating 
pontoons blends in harmonically with the picturesque Chalkidiki landscape 


4. PROCEDURE FOR MARINE TOURIST INFRASTRUCTURE ACCORDING TO THE 
LEGISLATION (ACT 2971/19.12.2001 [4], ACT 3201/2003 [5] & ACT 2160/19.07.1993[6]) 


The following paragraphs summarize the required procedures to obtain a permit for the 
development of a marina in Greece. 


4.1 Permitting procedures according to article 14 of the legislation Act 2971/19.12.2001 
(government gazette 285A") and as amended by Act 2301/2003 for marina outside port 
authority zone. 

The procedure under the title is only applicable only if the plot that will be developed has been 
conceded (as dictated by law). 

a) In this case the interested party files an application to the Land Department in charge which 
includes a Technical Dossier. 

b) The Land Department transmits within one (1) month, the relevant file to the following 
recipients in order to express their legal opinion for the issues within their jurisdiction within 
three (3) months. 
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1. Ministry of the Environment and Energy, Directorate of Environmental Licensing (DI.P.A.) 
or the Environmental Commission of the relevant Prefecture. Three (3) copies for the pre- 
approval of the location. 

. Hellenic Navy General Staff (two copies) 

. Ministry of Shipping and Island Policy 

. Planning and Environment Commission of the relevant Prefecture 

. Ministry of Culture and Tourism (three copies) 

. Greek Tourism Organization 

. Municipal Board of the relevant Municipality 

. Ministry of Economy, Development and Tourism 

c) Following the location pre-approval as per [7] and the expression of legal opinions of the case 

(b) above, the Environmental Impact Assessment Study is submitted and approved as per 
applicable legislation. Following the opinions by the Hellenic Navy General Staff (for issues 
pertaining to national defense and navigation safety), by the Ministry of Shiping (for reasons 
pertaining to rational marine development, coastline protection, control and safeguarding of 
navigation and transportation) and of the Ministry of Culture (for reasons pertaining to the 
protection of antiquities) the final design is approved in which the approved environmental 
conditions have to be accounted for. Legal opinions on the final design are to be submitted 
within a three (3) month period. The approved Final Design with the legal opinions described 
above is transmitted to the Land Department in charge for the concession approval. 

By way of the decision of the Ministers of Finances, Economy, Development and Tourism, 
Infrastructure, Transport and Networks, Environment and Energy, and of the Ministry of Shipping 
and Island Policy which is issued following a proposition by the Ministry of Economy, 
Development and Tourism following the legal opinionof the Committee of Public Plots, on which 
particularly for this case a representative of the proposing Ministry is sitting, it is allowed to 
proceed to a concession following a public competition of the rights to use the beach, sea or sea 
bottom and its subsoil to those who have founded or have the intention to found, in private plots 
which they own or have the right to use for marine tourist infrastructures. 
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4.2 Permitting for works within the port zone or a port authority 

For the execution of works the following are prerequisites: 

a) Ruling of the Executive Board of the managing authority. 

b) Compatibility check with the approved, by the Commission of Planning and Development of 
Ports Master Plan. The permitting procedure is not impeded by the non-completion of the 
Port's Master Plan update until the end of the deadline set on paragraph 5B, Article 44 of the 
legislation act 4150 [8] . 

c) Approval of the Environmental Conditions as per legislation act 4014/2011 (A’ 209) as valid. If 
the works belong to subcategory Al in Article 3 of legislation act 014/2011, the deadlines 
provisioned in paragraph 2 in Article 3 of legislation Act 014/2011 and which are over five (5) 
and below fifteen (15) working days, are shortened by five (5) working days whereas the 
remaining are shortened by ten (10) working days. 

d) Ruling of the Ministry of Shipping and Island Policy, which acts asa construction permit for the 
works. This ruling is issued within fifteen (15) days from the submittal of the relevant 
application from the managing authority, accompanied by the (a) and (b) above. 

e) For the commencement of the works, the ruling described in (d) above needs to be notified to 
the local Coast Guard Authority. 

f) For works under a concession status, the concessionee is legitimized, if the relevant agreement 
provisions it, to submit the application for the construction permit issuance to the Ministry of 
Economy, Development and Tourism, instead of the Port's Managing Authority. 


13^ International Conference on Protection and Restoration of the Environment 935 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


g) Construction works executed within Ports Authorities, and in the event which are not under the 
agreement overseen by the relevant Port Authority, are overseen by the General Secretariat for 
Ports, Ports Policy and Marine Investments of the Ministry of Marine and Island Policy. The 
oversight is performed either directly by the services of the Secretariat or from the Secretariat 
through the commissioning of independent firms with the procedures provisioned in the 
agreement. 


4.3 Permitting of works administered by the Hellenic Republic Asset Development Fund 
(HRADF) 

Different legislature is in effect for concessions performed by HRADF depending on the 

Concession Terms of the Agreement and the provisioned in the Agreement clauses for the property 

in question for marine touristic infrastructures. 


4.4 Overview 

It is evident that, regardless of the permitting procedure that needs to be followed depending on the 
location of the proposed development, any marina proposal is a rather complex and time consuming 
process which poses more obstacles than many of the environmental impacts combined. A 
simplification of the licensing and permitting procedure does not mean a relaxation in the 
environmental concerns which are addressed, regardless, in the required by law in the 
Environmental Impact Assessment Study. 


5. CONCLUSIONS 


Environmental protection in the cases of marinas development, just like in any other engineering 
project, can be achieved through the mitigation of the environmental impacts identified during the 
design stage. A complex and lengthy permitting and licensing procedure does not safeguard the 
protection of the environment in the areas where marinas are proposed to be developed. A new 
simplified approach in the licensing procedure is required to provide the grounds for the 
development of new marinas which will help improve the existing level of marine tourism services 
and grow it further to compete with neighbouring countries. 
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Abstract 


Best practices in the field of dredging and sediment management in marinas and touristic ports are 
outlined. Integrating dredged material management as an integral aspect of resource management is 
of major importance. For that, a hierarchical model for dredged material management options 
according to the widely adopted waste hierarchy model is presented. Minimizing the volumes of 
sediments that must be dredged is vital. This commonsense approach is environmentally friendly 
and will also generate significant economic benefits. The present paper highlights this fact and 
introduces new insights into dredged material management in marinas and touristic ports reviewing 
the literature. 


Keywords: integrated dredged material management; prevention; sediment management; 
contamination control; natural resources 


1. INTRODUCTION 


Marinas and touristic ports have some specific characteristics that create additional problems to 
those of larger commercial ports regarding dredging and dredged material management. For 
example, marinas are always constructed to be protected as much as possible from wave action, 
thus there is a greater chance of sedimentation in their basins. Another consideration for marinas 
and touristic ports that additionally intensifies the need for maintenance dredging and also 
incommodes the process of dredging is the maximum use of available space, thus the narrowness of 
space inside them as also the formation of zones where flow rates are very low [5]. 

Although the awareness of environmental protection and better management of natural 
resources is increasing worldwide, the environmental impact due to dredging and dredged material 
operations is often serious. The expenses are also high and recurring. Within an Integrated Coastal 
Zone Management, new approaches for sediment management need to be considered by the 
scientific community and local stakeholders. Emphasis should be put on the fact that dredged 
material can be managed by eliminating or reducing the need for initial, maintenance and 
environmental dredging [5, 7, 9]. 

This present paper presents research in the field of dredging and sediment management in 
marinas and touristic ports reviewing the literature. In Section 2 a hierarchy model for dredged 
sediments management is presented and the terms involved in this particular model are briefly 
described. In Sections 3 and 4 best practices for the reduction of sedimentation and sediment 
pollution in marinas and touristic ports are outlined respectively. In Section 5 the main conclusions 
reached are summarized. 


13^ International Conference on Protection and Restoration of the Environment 937 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


2. INTEGRATED DREDGED MATERIAL MANAGEMENT 


An inverted pyramid hierarchy model for dredged material management options in accordance with 
the widely adopted waste hierarchy model [2] is presented in the figure below (Figure 1). 


Prevention Avoidance, reduction 


Recovery Reentry into the same aquatic sedimentary system, beneficial use 


Disposal 


Open-water, confined, upland (landfill) 


Figure 1. Hierarchy of dredged material management options. 


Dredging prevention, the top of dredged material management hierarchy, can be achieved by 
adopting best practices for minimizing the need for dredging during both port construction and 
operational phases. The reduction of sedimentation in port facilities is essential for reducing the 
need of maintenance dredging and therefore its environmental and economic impact, as also for 
keeping sediments in their natural sedimentary system. New engineering solutions and technologies 
will have to be mobilized for this specific purpose. The optimization of the port's layout, including 
its entrance, plays a vital role in controlling sedimentation [5, 9]. 

Source control of contaminant inflow into ports’ basins is another important consideration [1, 
6, 7, 11]. By reducing sediment pollution the need for environmental dredging is minimized. In 
addition to that, unpolluted to slightly polluted dredged material can be reentered into the same 
aquatic sedimentary system or beneficially used (i.e. for engineering, environmental and 
agricultural purposes) without previous treatment in both cases. Those natural recovery options 
yield highly desirable outcomes in environmental as also in economic terms. 

Dredged sediments are recognized as part of the natural sediment cycle [7] and therefore their 
reentry into the same aquatic sedimentary system is more desirable than any other recovery option. 
Concerning the beneficial use of dredged sediments, the feasibility of the related options depends 
significantly on their grain size distribution and more specifically on their percentage of coarse- 
grained fraction, which is considered essential to be high. The availability of beneficial uses for the 
coarse-grained fraction that make financial sense in the surrounding area is also crucial [8]. 

There is a big list of beneficial uses of dredged sediments [7], which should be evaluated in 
relation to the contaminant load associated with the coarse-grained fraction [8]. Regarding 
contaminated sediments that cannot be beneficially used directly, decision making will require 
comparative risk assessment, cost-benefit analysis and life cycle assessment [3, 4]. Treatment in 
order to make contaminated dredged material suitable for beneficial use is in this case the most 
desirable option [7], though it can be environmentally and/or economically unviable and thus 
avoided. The choice of the remediation technique is guided by the considerations of suitability and 
accuracy of technology in the light of sustainability principles [12]. 

Disposal of dredged sediments is the least desirable option and has to be prevented by adopting 
best practices during port construction and operation. Dredged sediments disposal signifies their 
exit from the sedimentary cycle. One disposal option is their placement at a suitable location in the 
neighboring open-water area. Previous treatment may be required for environmental and economic 
reasons. As a matter of fact, the increasing interest on sediment contamination treatment techniques 
stems from the potential economic damage from contaminated sediments [12]. Other disposal 
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options are confined (aquatic or land) disposal and disposal in landfills (upland disposal). For 
dredged sediments classified as toxic there is a requirement for disposal in a hazardous waste 
landfill [8]. Dumping in the open-water area, a common practice in the past, is nowadays strictly 
prohibited. 

Although dredged material management has gone through significant developments over the 
last decades, there is still large room for improvement. For that, a mind shift is considered as 
necessary. Prevention is the key [2]. 


3. REDUCING SEDIMENTATION IN MARINAS AND TOURISTIC PORTS 


As already discussed in the previous section, environmental and economic problems inseparable 
from dredging activities can be prevented by reducing sedimentation within the marinas’ and 
touristic ports’ basins. For this purpose, a various range of engineering approaches are available. 
Solutions tend to be unique for each port, as they depend on its layout, the wave climate and 
sediment type and supply [9]. Physical or mathematical models constitute helpful tools for the 
investigation of sediment transport and sedimentation processes and thus for the evaluation of 
different options [5]. Engineering experience is exceptionally valuable in this assessment. 

There is a causal relationship between hydrodynamics and sediment transport. Therefore, the 
selection of port locations of low wave energy potential, e.g. within natural bays, is crucial for the 
achievement of low maintenance costs, as also for the elimination of shoreline erosion downdrift of 
the port [5]. Otherwise, more expensive alternatives for the reduction of sedimentation can be 
followed. Sediment bypass of the port can occur through the land area in the rear of the port either 
through the sea area in front of its entrance. In the second case, the optimization of the position and 
geometric characteristics of the entrance is required, so sediment's entry in the marina or the 
touristic port is prevented [5, 9]. 

The overall optimization of the port's layout is essential for keeping sediment that enters the 
basin moving and thus reducing sedimentation, while the requirements of calm wave conditions in 
berth positions are also met. Renewal pipelines, structural elements that train natural flows and 
other kind of designs [9] can be used for this specific purpose. At this point, the occurrence of 
sedimentation problems within the Venetian Harbour of Chania, Greece since the closure of an old 
pipeline constructed for the port water renewal is perhaps worth mentioning (Figure 2). 


Figure 2. Sedimentation problems in the Venetian Harbour of Chania, Greece. 
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Other engineering solutions, such as the construction of sediment traps in front of the port's 
entrance and the use of mechanical equipment for the generation of flows with appropriate 
intensity, may have effect on keeping the sediment out or keeping it moving within the marina's 
basin [5, 9]. In any case, it is of importance to recognize that reducing sedimentation in a port's 
basin is a complex and unique hydraulic engineering problem to be solved and hence a great 
challenge for port engineers. 


4. REDUCING SEDIMENT POLLUTION IN MARINAS AND TOURISTIC PORTS 


Reducing sediment pollution in marinas and touristic ports can also bring significant environmental 
and economic benefits concerning dredging activities. Keeping marina's waters clean is of pivotal 
importance for the viability of the investment. Consequently, water and sediment pollution in 
marinas and touristic ports, as a sequence of both past and present day inputs, constitutes a severe 
problem that requires systematic approach to its management. High priority should be given to the 
identification and control of the main sources of contamination [1, 11], as also to better water 
renewal in the basins. 

Sources of contamination may include storm water runoff pollution (non-point sources), 
industrial and domestic discharges and accidental pollution (point sources) [7]. Watershed-based 
sources are considered to constitute the predominant category of contamination sources [11]. As 
storm water flows over the land surface, it picks up potential pollutants that may include sediment, 
nutrients and pesticides (from agriculture), bacteria (from livestock and domestic waste), metals 
(from domestic waste, cities and roadways) and petroleum by-products (from vehicles) [13]. Water 
runoff can also carry pollutants from marinas' parking lots and maintenance areas. Accidental 
pollution such as fuel or waste water spills may also occur within the borders of a marina or a 
touristic port [6]. 

In literature special attention is given to organotin and organic compounds in marinas’ waters 
and sediments [10]. Tributyltin (TBT), an organotin compound, was extensively used for 
approximately four decades as anti-fouling paint for boats' bottoms. Despite the strict bans on TBT- 
use due to its high toxicity to a wide range of organisms [14], it is disappointing to see that high 
concentrations persist in the sediments [10], continuing to contaminate the water column [12]. 
Evidently, historic contamination sources influence the sediment quality for many years after their 
removal [[10]]. 


5. CONCLUSIONS 


Marinas and touristic ports have some specific characteristics that create additional problems 
regarding dredging and dredged material management. Minimizing the need for dredging is vital. 
This can be achieved by adopting best practices for the reduction of sedimentation and sediment 
pollution in their basins during both port construction and operational phases. The reduction of 
sedimentation is a unique for each port and complex hydraulic engineering problem to be solved 
and thus a great challenge for port engineers. Physical and mathematical models are helpful tools in 
the design process, while engineering experience is exceptionally valuable. Source control of 
contaminant inflows in the marinas' basins is also required. The approach outlined is 
environmentally friendly and will also generate significant economic benefits. 
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Abstract 


The assessment and evaluation as well as the prevention and mitigation of the environmental 
impacts during the construction and operation phase of marinas play an important role not only for 
the procedures of their environmental permitting but also for their environmental management. The 
type and magnitude of these impacts are mainly related to three main factors: a) the environmental 
sensitivity of the marine and the neighboring terrestrial areas b) the design and the magnitude of the 
main technical characteristics of the marina and c) the available technical potential to mitigate the 
impacts. Environmental issues should be taken into account from the early stage of marina’s design. 
Elaboration and application of proper environmental management, environmental monitoring and 
risk management plans can secure the sustainable development of marinas. 


Keywords: environmental impacts; environmental management; waste management; pollution 
prevention 


1. INTRODUCTION 


The main aim of the European Environmental Policy is the improvement of the environment, the 
protection of human health, the achievement of prudent and rational use of natural resources and the 
promotion of international measures to address global or regional environmental problems [1]. 
Marinas constitute an important feature (or infrastructure) of touristic sector, and their planning, 
construction and operation should fully comply with the European environmental legislation and 
strategy. This compliance does not only ensure the environmental permit needed for the 
construction and operation of a Marina, but can also contribute to the incorporation of the technical 
design into the natural environment. It can also enhance health and safety conditions and finally 
promotes marinas as environmentally friendly infrastructures. The marina market is arguably more 
resilient than other areas of the industry [2]. A total delivered superyacht fleet (with length more 
than 30m), in June 2011 came to 4,117 yachts. This means that there is an increase of 95,296 over 
the decade 2001-2010. As for the Mediterranean coast 520,974 berths have been recorded [3]. Most 
of them are found in France (226,000, 43%), Spain (130,555, 25%) and Italy (130,000, 25%). 
Greece participates with only 8,924 (296) berths. Taking into account the length of the coastline per 
country 35.78 berths correspond for each kilometer of French coastline. The corresponding numbers 
for Spain, Italy and Greece are 18.97, 13.64 and 0.5. Greece hospitalizes about 17,700 yachts from 
which 8,000 have length more than 12m. One yacht corresponds to 621 Greek habitants while for 
Europe is one yacht per 164 habitants. Development of marinas is related to increase of 
employment. 100 berths of a marina correspond to 4.4 jobs in the marina and 100 indirect 
supporting jobs. Additionally, taking into account the Greek National Strategy on Shipping 
Development the potential of marinas development in Greece is considered very high [4]. 
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2. LEGISLATIVE FRAMEWORK 


The cornerstone of the European Legislation related to the Environmental Impact Assessment is the 
Environmental Impact Assessment (EIA) Directive (2011/92/EU as amended by Directive 
2014/52/EU) as well as the Strategic Environmental Assessment Directive (2001/42/EC). The 
common principle of both Directives is to ensure that plans, programmes and projects likely to have 
significant effects on the environment are made subject to an environmental assessment, prior to 
their approval or authorization. Consultation with the public is a key feature of environmental 
assessment procedures. Marinas are included in Annex II of the EIA Directive. Consequently, 
according to paragraph 2 of article 4 of the same Directive Member States shall determine whether 
marinas shall be made subject to an assessment (need of elaboration and approval of Environmental 
Impact Assessment Study, EIAS) in accordance with articles 5 to 10. Member States shall make 
that determination through (a) a case —by-case examination or (b) setting specific thresholds or 
criteria". According to the Greek Legislation (Law 4014/GG209A/21.09.2011, MD 1958 
/GG21B/3.01.2012) the elaboration and approval of an EIAS is needed for all marinas in Greece. 
EIAS for marinas of equal or more than 200 boats capacity are examined and approved by the 
Ministry of Environment and Energy. For marinas with capacity less than 200 boats the EIAS is 
examined by the Decentralized Administration in which the marina is located. According to the 
Greek legislation the elaboration (and submission to the competent environmental authority) of a 
preliminary environmental study (called as preliminary identification of environmental impacts) 
before the elaboration of the EIAS, is optional. 

In case a Marina is located into an area which has been included into the European Ecological 
Network Natura 2000, then according to paragraph 3, article 6 of the Habitat Directive (92/43/EC) 
the marina has to undergo an "appropriate impact assessment" for the assessment of the effect it 
may have on the site's conservation objectives. The Appropriate Impact Assessment Study (AIAS) 
has to focus on the identification, evaluation and mitigation (or/and compensation) of all impacts on 
the ecologically important elements (habitats, flora and fauna species of Community Interest) of the 
natural marine and terrestrial environment. The AIAS has to be elaborated by taking into account 
proper fieldwork surveys on the proposed marine and terrestrial area of the marina. This study must 
take into account the Birds Directive (2009/147/EC) as well as the guidance document of the 
European Commission “Managing Natura 2000 Sites, The provisions of article 6 of the ‘Habitats’ 
Directive 92/43EEC” [5]. The European Biodiversity Strategy (COM(2011) 244 final) and the 
Marine Strategy Framework Directive (2008/56/EC) have also to be taken into account. Greek 
Legislation has been harmonized with the abovementioned European legislative framework. For 
both the EIAS and the AIAS, contents and specifications have been issued according to the 
MD/GG135B/27.01.2014. The AIAS is submitted to the competent environmental authority as an 
annex of the EIAS. According to the European and Greek legislation environmental studies are also 
needed for the modification of the environmental approved design of a Marina or the renewal of its 
environmental permit. In Greece the duration of an environmental permit is usually set to 10 years. 


3. IDENTIFICATION, ASSESSMENT AND MITIGATION OF ENVIRONMENTAL 
IMPACTS OF MARINAS 


The type and magnitude of environmental impacts of a marine project are mainly related to the 
following three main factors: a) the environmental sensitivity of the marine and the neighboring 
terrestrial areas b) the design and magnitude of the main technical characteristics of the marina such 
us the marine and terrestrial area which will be occupied by technical works and supporting land 
uses, the capacity of marina in boats etc. c) the available technical potential to mitigate the impacts 
and/or restore the environment. According to these factors the environmental impacts can be 
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characterized in relation to their: type (negative, neutral, positive), magnitude (significant, medium, 
insignificant), duration (long term - permanent, medium term, short term), reversibility (irreversible, 
partially reversible, reversible), capacity to be mitigated by technical means (mitigated, partially 
mitigated, not mitigated). Impacts can also be assessed at a local level (into the study area) or a 
broader level (into the broader area). Assessment or Synergistic or cumulative impact also takes 
place in case other (existing or already permitted) plans, works or land uses are located near the 
marina. 

Environmental impacts are mainly classified to those related either to construction or operation 
phase of technical projects. The new environmental European Legislation also mentions impacts 
related to the decommissioning of a project. The main environmental means for which possible 
impacts are assessed during the construction and operation phases are the following: climate — 
bioclimate, geology, landscape, geomorphology and soil, surface and ground water resources, 
Habitats - flora and fauna of marine and terrestrial ecosystems, protected natural areas, human 
population, land uses and traffic, existing infrastructure, social and economic environment, 
atmospheric and acoustic environment and cultural - historic environment. The environmental 
impacts of marinas are assessed by taking into account all their accompanying installations and uses 
(e.g. boat repair facilities, waste water treatment installations, supporting or commercial buildings, 
parking areas, access roads and generated traffic, electricity generators). The elaboration of the 
EIAS requires the preliminary design of the project. Before or in parallel to the elaboration of the 
EIAS an investigation of alternative solutions has to take place, according to environmental criteria. 
A comparative environmental assessment of technically and economically viable design alternatives 
(in terms of magnitude, location or proposed technology), including the do-nothing scenario has to 
take place. 

The main categories of environmental impacts during the construction phase of marinas are 
mainly related to the following environmental means: 1) geomorphology and landscape: greater 
impacts are expected when large marinas are located into landscapes characterized by high natural 
beauty and absence of human activities. The need of disposal areas (marine or terrestrial, due to 
earth excavations or dredging) quarries for inert or filling earth material, and construction of access 
roads have also to be taken into account. Proper technical design of marinas (in combination with 
landscape architecture) and extensive environmental restoration measures can reduce these impacts. 
2) Sea water quality: Pollution of sea water can be caused due to earth works, dredging and/or 
pollution caused by the construction machines (oil leakages). The two first activities can increase to 
a high degree the suspended solids density. Use of environmentally best construction practices can 
reduce these problems. 3) Atmospheric and acoustic environment: impacts are related to the use of 
construction machines and movement of heavy vehicles. 4) Land uses: Neighboring land uses and 
existing traffic conditions can be affected during construction period. Special planning of 
construction phase can reduce these problems. 4) Natural environment — biodiversity: terrestrial and 
submarine vegetation as well as fauna species without capabilities of quick movement will be 
mostly affected. The impacts are mainly encountered in the occupancy area of the technical works 
(including possible disposal areas of excavated surplus or dredging materials). Special attention 
must be given in case of ecologically important (protected, endangered, rare or endemic) habitats, 
flora or fauna species being affected (e.g. the priority habitat “Posidonia beds - 1120"). Concerning 
the marine environment special emphasis should be given to priority habitats (according to annex I 
of the habitats Directive). As it is mentioned above, an AIAS has to be elaborated in case the marina 
is located into an area included into the European Ecological Network Natura 2000. 5) 
Socioeconomic environment: If the construction works take place into or close to residential or 
commercial areas socioeconomic negative impacts should also be expected. Additionally, any 
reference to the positive socioeconomic effects must be made. 

Special attention must be given in cases where dredging material has to be disposed. The type 
of selected dredging method can reduce to a great extent the dispersal of marine pollution around 
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the dredging area (mechanical or hydraulic dredging, using of silt curtains) [6]. According to the 
Greek practice marine disposal of dredging material can take place in a depth greater than 50m and 
in a distance greater than 2Km of the coast. For the environmental approval of this type of disposal 
the environmental characterization of dredging material is needed. Although, there is no European 
legislation for the environmental characterization of dredging material, the European legislation 
related to waste characterization or other national methods (e.g. criteria used in Holland or U.S.A.) 
of environmental characterization of dredging material can be taken into account [6]. As for the 
European legislation, the Decision 2003/33/EC "Establishing criteria and procedures for the 
acceptance of waste at landfills pursuant to Article 16 of and Annex II to Directive 1999/31/EC" 
can be used. A clear picture not only of the type and the quantity of the contained pollutants in the 
dredging material, but of the potential they have to spread pollution is required. The evaluation of 
the existing environmental conditions of the possible disposal area(s) should be carried out. 

Most of the impacts during construction are usually considered as short term and possible to 
mitigate. Permanent impacts are those which are related to the permanent occupancy of terrestrial 
and benthic ecosystems. Additional environmental impacts occur in case of using quarries or 
disposal areas. 

The main categories of environmental impacts during the operation phase of marinas are 
mainly related to the following environmental means: 1) Geomorphology - Landscape: 
Construction of piers or wave breakers may cause significant impacts on the pre-existing status of 
marine sedimentation in the neighboring marine and coastal areas. Changes to the magnitude and/or 
direction of waves status near the coast, or sea water movement (due to wind activity or submarine 
currents) can lead to significant changes to sedimentation or erosion rates near the marina or/and 
along the coast. This phenomenon may also affect land uses and socioeconomic environment. In 
order to prevent such problems the planning phase of the marina can also include a coastal 
engineering study in which proper use of algorithms or simulation models can assess these impacts 
and also evaluate possible necessary modifications or adjustments on the design of the marina. 
2) Marine ecosystems, fauna and flora species: One of the most challenging tasks is the preservation 
of high quality sea water inside and outside the marina. The design of the marina basin should 
ensure that proper circulation of seawater is not prevented and the mean concentration of dissolved 
oxygen remains high. The possible use of submarine openings on piers should be examined in case 
of enclosed marina basins. The use of impermeable septic tanks or waste water treatment facilities 
for municipal type waste water has also to be taken into account in case there is not neighboring 
available sewage network. During the operation phase high priority must be given to the prevention 
of sea pollution from all human activities that take place in the marina. This can be achieved by 
combining high quality environmental services provided by the staff and marina's facilities and the 
high environmental consciousness of marina's users. Emphasis should be given to the prevention of 
pollution from bilge water, lubricants, fuel, black and grey waters. Environmental friendly 
antifouling paints should also be used by the marina's users. If such measures are taken the impact 
on marine ecosystems may be reduced to a great degree. 3) Terrestrial ecosystems: Proper 
landscape restoration measures could mitigate possible impact on the terrestrial environment. 4) 
Land uses and traffic: for large scale marinas a proper assessment of the possible impacts on land 
uses and road traffic should take place in the EIAS. All accompanying uses of marinas should be 
taken into account (e.g. commercial activities) and on many occasions the elaboration of traffic 
models (for different scenarios) might be required. 5) Social and economic environment: The social 
and economic effects of marinas are positive, due to increase of tourism and employment. Marinas 
can also contribute to the promotion of the natural beauty, culture and history of the broad area, 
functioning as an intermediate between development, environment and society. In this respect, well 
designed and properly operated marinas can comprise the essence of sustainable development in 
coastal areas. 
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All marinas should bear and have implemented a Regulation Framework for their Operation, as 
well as an Environmental Management Plan and a Contingency Plan (in case of emergency event). 
Additionally, an environmental monitoring programme is often proposed to be implemented in 
order to identify as early as possible abiotic or biotic trends that may result to environmental 
degradation. Marinas can also be certified by different environmental management schemes — 
standards, such as: ISO140001, EMAS (Eco-Management and Audit-Scheme), PERS (Port 
Environmental Review System), CLEAN MARINAS, GREEN MARINAS. 


4. CASE STUDIES 


4.1. Case Study A: EIAS of Leros Marina [7] 

The Leros marina, with a capacity of 107 boats is located in the Greek island Leros. The marina 
includes an existing terrestrial area of 6.941my, a new terrestrial area of 29.571 m’, a marine area of 
52.860m° and an area for hauling up boats of 12.130m?. The proposed works include a pier of total 
length of 330m, a dock of 12m width and 22m long, a ramp for boats of 29m length, six 
underground fuel tanks and a new service building. The Leros marina was environmentally 
approved in 2011. The possible environmental impacts of the project were assessed on most 
occasions as non significant with the exception of the estimated renewal capacity of the new marine 
basin. In order to prevent possible water quality problems, especially during periods of high 
phytoplankton concentrations a twin pipeline through the new pier for the renewal of sea water was 
proposed as a mitigation measure. Additionally proper stormwater drainage was foreseen in the 
terrestrial area, so that the marina basin remained free of rainwater and flashed pollutants. 


4.2. Case study B: Environmental study for the modification of Environmental Terms of 
Limnos Marina [8] 

The specific marina can accommodate 24 boats and is located in the Greek island of Limnos. The 
aim of the study was the modification of the designated Environmental Terms (Environmental 
Permit) due to technical modifications in the marina's design. The project included a marine area of 
7.000m/, a terrestrial area of 2.000m?, changes in the shape and length of the windward (eastern) 
pier (from 90m to 108m), construction of a new west pier of 40m length and construction of a new 
administration building in an area of 153m”. The differences between the environmentally approved 
and the final design of the project were determined, in order to estimate the differences in the 
environmental impacts. The environmental study for the modification of the Environmental Terms 
was approved in 2015. The differences between the environmentally approved and the new-final 
design were of small scale and consequently no significant differences were expected concerning 
possible environmental impacts. A specifically designed Environmental Management Plan was 
proposed. The latter included a monitoring programme focusing on the marine environment. The 
main parameters to be followed included turbidity, oils, phytoplankton, zooplankton, suspended 
particles, coliforms and dissolved oxygen and specific monitoring stations were proposed. The 
Environmental Plan included also specific measures for the protection of the manmade and natural 
environment and management of oil residues, used lubricants and toxic waste. A Contingency Plan 
was also proposed. 


4.3. Case study C: EIAS for the developmental works of Poros harbor [9] 

The aim of the study was the environmental permitting of the proposed development works of the 
existing marina and the planning of uses in Poros harbor. The proposed works optimize the spatial 
planning of uses in the harbor and included the following: the creation of an enlarged marina, which 
will be able to accommodate 178 boats, 115 in the north section and 63 in the south section, an 
administration building in the terrestrial section and a floating dock of 120m length in the marine 
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section. Docking installations will be installed for the marina, which will include artificial boulders 
and bottom chains. The existing electromechanical equipment will be upgraded and the existing 
pavements will be replaced in the terrestrial area. Special attention has been given to the relation 
between the village of Poros and the marina, taking into account that the harbor is adjacent to the 
settlement of Poros, which has been declared as a Historical Monument, Site of Outstanding Natural 
Beauty as well as Traditional Settlement. During the construction phase of the project, possible 
impacts were identified and assessed on the morphology, the marine water quality (related to oil or 
lubricants leakage and runoff water from construction sites), the landscape (related to the presence 
of machinery and construction equipment), noise and air quality (related to work site functions). 
Appropriate mitigation measures were proposed for these impacts, including the implementation of 
best practice work site methods and techniques and the establishment of close cooperation between 
the local society and the constructor. A Contingency and an Environmental Management Plan 
(including monitoring) were also proposed. 


4.4. Case study D: EIAS for a five stars Hotel and related marine works in Kea Island [10] 
The aim of the project was the environmental approval of a Hotel, including a small harbor, 
covering a marine area of approximately 2.500m” and a terrestrial area of 75m?. This harbor will 
accommodate diving services, as inflatable boats transporting divers will dock there and will be 
able to accommodate boats of 70m length or 4-5 yachts. The project was environmentally approved 
by the Greek State on 2012. Impacts on the sea environment were estimated taking into account the 
existing situation of the area of the proposed harbor. A specific study identifying the sea bio- 
communities was conducted, based on appropriate fieldworks. The following sea habitat types were 
identified and mapped: “1110 - Sandbanks which are slightly covered by sea water all the time", 
“1170 - Reefs” and “1120 - Posidonia beds (Posidonion oceanicae)'. These habitat types are 
included in the Annex I of habitats Directive (92/43/EC), while habitat type 1120 is a priority 
habitat type. The area that will be occupied by the harbor is mostly reefs with photophile 
macroalgae and a small area of Posidonia beds (Posidonia oceanica). These areas constitute a very 
small percentage of similar habitats of the Vroskopos bay area and therefore the impacts were 
assessed as non significant, concerning the total coverage of habitat types and the functions of the 
ecosystem. The construction works planned included dredging and special attention was given to 
the investigation of possible disposal marine areas, which should meet the following requirements: 
distance of disposal area greater than 2Km from coast line, sea depth should exceed 50m outside of 
Posidonia beds, disposal should not form piles of more than 2m in height. Additionally, in order to 
further reduce the impact on posidonia beds, the external reinforcement of the harbor work was 
designed to be constructed with artificial boulders with steep inclination (4:3), so that the total 
footprint of the works remained as little as possible. Finally, for a period of two years after the 
completion of the project, any changes of the coastline will be closely monitored and a coastal 
engineering study will be conducted should any signs of possible impact are identified. 


4.5. Case study E: EIAS for the development of the Hydra Port [11] 

The proposed development of the existing port of Hydra island includes the following: the 
identification and management of existing and future port uses in order to provide services of high 
quality, including services to touristic boats. The port of Hydra will provide space for a total of 34 
touristic boats (16 on the outer side and 18 vessels on the inner side of the windward pier). The aim 
of the study was the environmental permitting of the proposed development works of the existing 
port and the planning of uses. The proposed works will fully accommodate the existing uses, of the 
harbor and those that are expected in the future. The proposed uses and works within the port are: 
Creating docking for touristic boats, delimitation of land and marine area, strengthening the shield 
of windward pier and installation of vessel mooring system, bindings, waste and oil residues 
management with suitable collection reservoirs, maintenance and spatial organization of port uses 
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(passenger boats, fishing boats, etc.). During the construction phase greater impact is expected 
during strengthening the shield of the windward pier, the construction of mooring system and the 
disposal of some surplus materials. Local and short term increase in turbidity is expected to cause 
impacts on marine organisms. During operation phase no significant additional negative impacts are 
expected considering that the port is already in use and most of the port uses are already existed. A 
new Regulation of Port Operation and an Environmental Management Plan will be prepared by the 
Port Operator. A monitoring program and Contingency Plan are also proposed. 


4.6. Case study F: Environmental study for the modification of the Environmental Terms for 
the development of the Port in New Epidaurus [12] 

The proposed development includes expansion of the terrestrial area of the port, construction of a 
service building, strengthening and expansion of existing windward pier, replacing of the existing 
bridge, installation of mooring equipment, facility for fuel supply, etc. Impacts during construction 
are mostly related to the increase of sea turbidity due to works on the marine environment and the 
runoff of construction areas and materials. Possible pollution is expected mainly in case oil or 
lubricants leakage occurs. Priority shall be given to recycling especially for the shipwrecked boat 
that is now immersed in the port. Tne extension of the windward is proposed in order to include the 
unexploited coastal zone between the existing operating installations and the unexploited existing 
windward pier, while the proposed floating piers do not affect the existing natural movement of 
water. A new Regulation of Port Operation and an Environmental Management Plan will be 
prepared by the Port Operator. A monitoring program and Contingency Plan are also proposed. 


4.7. Case Study G: EIAS for the Zea Marina [13] 

Zea Marina is located on the east coast of the Piraeus peninsula. The marina area includes the 
internal port (Passalimani) and the external (Freatida). Due to dense residential and trade activities 
the urban area close to the marina is burdened by heavy traffic. The main task of the proposed 
project was the modernization of marina and the development of the terrestrial and marine zone in 
order to satisfy the existing needs and attract more touristic boats. The development plan of the 
marina creates the conditions for improving the efficiency of the Marina that can be achieved 
through increasing the capacity (to 580 vessels from 566), to the extent technically and legally 
possible, in an environmental friendly way which will primarily take into account the existing 
antiquities in the area. The project was environmentally approved in 2013. A special architectural 
study for protecting and giving prominence to underwater and terrestrial antiquities was carried out 
and was approved by the Central Archaelogical Council before the issuing of the Environmental 
Permit. Also a detailed traffic impact study was commissioned and attached to the EIAS study. The 
traffic study examined different senaria for the following 20 years and specific proposals were made 
for reducing possibel impacts on traffic conditions. 


4.8. Case study H: EIAS for the Faliro Marina [14] 

Faliro Marina is located on the south coast of the broad Athens metropolitan area. It is one of the 
most modern marinas in the Eastern Mediterranean since its construction was completed in 2004 for 
berthing luxury yachts in a pleasant, safe and luxurious environment. According to the EIAS small - 
scale additional port works are proposed in order to optimize existing marina's uses and ensure a 
proper cover of needs especially berths for larger yachts. These works include: Construction of new 
(west) guard pier as an extension of the existing anti-siltation construction, Remodeling of the crest 
and the inner side of the existing anti-siltation construction and construction of new platform, 
Reforming the existing western protection work of the internal basin, Dismantling the floating pier 
at northern front of the eastern pier of the internal basin and construction of new vertical front using 
bored piles, Remodeling of the superstructure of the internal basin by constructing outer front 
element, Repair windward pier, Removal of the two floating piers located in the inner basin and 
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perform the necessary dredging works in the area of medium -sized yachts, Perform dredging in 
front of the western protective breakwater to ensure adequate depth for safe navigation to and from 
the marina. Direct impacts of small scale during the construction works were expected in the 
morphology of the sea bed and in particular in the areas where excavations and embankments are 
performed and in the designated area for the disposal of dredged materials. As the construction of 
the new harbor basin is near to the existing mouth of Kifissos river, and within the area where a 
tourist port already operates a sediments environmental characterization was carried out. The results 
showed that dredging material can be characterized in the category of non hazardous material, 
according to the Decision 2003/33/EC. According to the coastal engineering study, the comparative 
evaluation of simulation results concerning the current and future marine works, showed that the 
construction of the new works are expected to have a beneficial effect on coastal engineering 
behavior in Faliro marina. Turbidity problems are expected temporarily in the sea area where the 
dredged material will be disposed. An Environmental Management Plan and a Contingency Plan are 
proposed. Monitoring has also to include the regime of sedimentation on seabed near the marina. 


5. CONCLUSIONS 


Marinas are related to environmental impacts during the construction and operation phases. The 
significance of the impacts are related to the type and magnitude of marinas, the environmental 
sensitivity of the location area as well as the technical capabilities of mitigating environmental 
impacts. Environmental impacts can be reduced from the initial planning of the marina by selecting 
the most environmental friendly alternative solution. Examination of the sea sedimentation regime 
and circulation of sea water into the marina should also be examined. Impacts during construction 
can be mitigated to a great extend by using the best environmental friendly construction methods 
and materials. Mitigation of impacts during operation has to focus mainly on waste management 
and avoiding polluting the sea environment by marina's uses and the accompanying works and 
facilities. These should be achieved through the implementation and carrying out of the following: 
Regulation of Marina's Operation, Environmental Management Plan (including monitoring 
programme) and Contingency Plan. Staff training and environmental awareness of marina's users 
are also proposed. Given that the above mentioned are taken into account no significant impacts 
are expected for the natural environment and significant positive effects are expected for 
socioeconomic environment. This can contribute to the promotion of marinas sector as 
environmentally friendly infrastructures serving the human needs for recreation and experiential 
relation with natural environment. 
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Abstract 


Coastal areas are fragile and sensitive zones supporting a wide range of habitats and ecosystems. 
They are regarded as the most productive areas while they show a high attraction for human 
settlement. Consequently, coastal areas show a high potential for strong environmental pressure that 
may lead to biodiversity loss, habitat destruction and elevated pollution loads. Therefore, it is 
essential to quantify the environmentally significant pollutants, identify and classify their sources 
and find out their diffusion pattern. A useful aid for this study is the application of a geostatistic 
approach that furnishes prediction surfaces for the pollutant content. This procedure allows a 
significant monitoring of the area and it also specifies the sites of a particular concern. Furthermore, 
it supports the concept of Integrated Coastal Zone Management providing comments for the 
application of coastal spatial planning. 

In the present paper this procedure is applied in a specific coastal marine area, the geospatial 
pollutant distribution is studied and conclusions are drawn for their transport and the respective 
environmental pressure. 


Keywords: coastal zone; diffusion trend; geostatistic; metal; pollution 


1. INTRODUCTION 


Coastal zones are characterised by a high environmental, economic, social, cultural and recreational 
importance recognised by their exceptional biodiversity in terms of flora and fauna. They are the most 
productive areas in the world providing a wide variety of habitats and ecosystem services while they 
offer a unique environment. Coastal zones are regarded as sensitive and fragile areas and local 
communities have to face a wide range of environmental conditions. They are regarded as a major 
carbon sink and a substantial oxygen source playing a vital role in regulating the climate as well as the 
global ecosystem. Furthermore, during the long history of human being, there was always a close 
relationship between humanity and coasts. The major part of the total transportation, trade, 
infrastructure, rural and agricultural development, energy processing, tourism and recreation 
corresponds to the coastal zone [1]. Consequently, coastal zones suffer by excessive exploitation and 
environmental pressure. Nowadays, coastal ecosystems have to face the threat of biodiversity loss, 
habitats destruction, pollution, conflicts between potential uses and space congestion problems. 
Coastal areas could be seriously affected by climate change and more specifically by sea level rise, 
changes in the intensity and frequency of storms, increases in precipitation, higher ocean temperature 
and ocean acidification caused by the increase of the atmospheric content in carbon dioxide. Climate 
change impacts are likely to worsen many difficulties that coastal areas already face. 

It is obvious that there is a need of specific strategies ensuring the conservation of the 
environment and allowing the sustainable use of the area. The well being of local coastal 
populations and the economic viability of respective business uses depend on the environmental 


13" International Conference on Protection and Restoration of the Environment 951 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


health, the protection of coastal resources and the increase of the efficiency of their uses. This is 
achieved by applying Integrated Coastal Zone Management, ICZM, which integrates economic, 
environmental and social issues, balancing their objectives within a specific framework set by 
natural dynamics with reference to the ferrying capacity of the ecosystem. IZCM respects natural 
resources and promotes environment's and ecosystems’ health, the so-called “ecosystem based 
approach" offering a substantial contribution to the sustainable development of coastal zones. This 
procedure includes a range of stages such as information collection, planning, decision-making, 
management and monitoring of implementation. 


1.1 Coastal marine area 

The coastal marine area is part of the coastal zone which is the zone of Earth where terrestrial 
environments influence marine ones and the vice versa. Coastal marine area is the part of the sea 
directly affected from the land as result to their proximity. According to the Protocol on Integrated 
Coastal Zone Management in the Mediterranean, signed at the Conference of the Plenipotentiaries 
[2] the interaction between the marine and land parts of the coastal zone arises as complex 
ecological and resource systems made up of biotic and abiotic constituents coexisting and 
interacting with human communities and appropriate socio-economic activities 


1.2 Sea bed sediments 
Pollutants accumulated in the water column are likely to be scavenged by particulate matter and co- 
precipitate at the sediment floor being finally deposited to the sediment matrix. Therefore, sea 
sediments are considered as physical traps for many environmental pollutants acting as important 
reservoir for contaminants [3, 4]. This mechanism can build up to chronic pollution levels resulting 
in ecological degradation with potential severe impacts on marine bio-communities’ and species’ 
well-being; the possibility of cascading effects upon human health through the food web as well as 
effects upon the economy. As sea sediments act like archives of environmental pollution trends, 
dated sediment cores measurements reveal the effectiveness of convention and regulations to 
control and eliminate the environmental input of pollutant loads. 

The distribution of contaminants in marine sediments is related to factors such as the spatial 
and temporal variability of inputs, the various transport mechanisms, the chemical speciation, the 
contaminant mobility, the redox conditions, the sediment grain size, etc. 


1.3 Pollution dispersion 

Coastal areas suffer by a wide variety of pollutants. In order to eliminate and handle their risky 
impacts it is essential to assess pollutant concentrations, identify and classify their sources and 
discover their diffusion pattern. It is obvious that there is an absolute need to transform data into 
more useful products that allow the identification of possible patterns and relationships. This can be 
achieved through GIS that has this capability. The construction of spatial distribution patterns for 
sediment contaminants allows remarks about the pollution trend [5, 6]. 

The pollutants studied in the current study are environmentally significant heavy metals. They have 
high toxic properties and harsh effects on the abiotic and biotic systems. They are accumulated in 
reservoirs by biological and geochemical mechanisms causing severe problems. 


2. MATERIALS AND METHODS 


Thirty surface sediment samples were collected from the Elefsis gulf using a Van Veen grab. The 
gulf is named after the city lying on its coasts, at 20km distance westwards of Athens. It is mainly 
surrounded by Attiki peninsula except of its southern part where the island of Salamina lies. Two 
narrow entrances allow the water's circulation with the “open” sea. Along its northern coasts there 
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are various heavy industry units. There are also two harbours and two spots with liquid fuel tank. 
The gulf acts too as a main passage for tankers, cargo ships and ferry boats. 

All sediment samples were treated by hand for the removal of unrepresentative material and 
then homogenized. Samples were dried at 40°C and thoroughly ground using a small pestle and 
mortar. They were digested with a mixture of concentrated acids (HNO3-HF-HC10,) in screw 
capped Teflon beakers on a hot plate [7] for the determination of the total metal content. Metal 
concentrations were measured with Flame Atomic Absorption Spectrophotometry (Varian Spectra 
AA-200 model equipped with deuterium lamp for background correction) and Graphite Furnace 
Atomic Absorption Spectrophotometry (AAS), (Varian Spectra AA-640Z GTA 100 model, 
equipped with Zeeman). The sediment reference used was IAEA433. In a following step a 
geodatabase was created by applying the ArcGIS software [8]. 


2.1 Sampling design 

Sampling design was based on parameters including the appropriate number of samples in relation 
to area size, the anthropogenic activities, the pollutant pathways and possible distributions, the 
sediment and organic matter characteristics, the seabed bathymetry and prevailing currents as well 
as the statistical resolution needed. 


2.2 Interpolation methods 

The generation of a pollution dispersion surface needs data interpolation by which a limited number 
of sample points are used to predict the values for new points in order to generate a surface. Two 
interpolation methods are generally used within spatial analysis techniques. These are called 
deterministic and geostatistical interpolation. Deterministic interpolation assigns values to locations 
based on the surrounding measured values within an area around the point to be interpolated and a 
weighted average of the values is then calculated. As distance from the point increases, the 
weightings decrease to reflect error/variance. IDW is one of the most frequently used deterministic 
models in spatial interpolation. This is because it is relatively fast and easy to interpret. It generates 
surfaces using the assumption that the value of an unsampled point is the weighted average of 
known values within a specified neighbourhood. The weights are inversely related to the distances 
between the prediction location and the sampled location [9]. Geostatistical methods are based on 
statistical models that include autocorrelation as well as weighted distance calculations. As a result, 
geostatistical techniques can produce a prediction surface as well as provide some measure of the 
certainty or accuracy of the predictions. The Kriging approach [9, 10, 11, 12] refers to a 
geostatistical method of interpolation providing values at un-sampled locations taking into 
consideration the original data set of the regionalised variables as well as the structural features of 
the variogram. Kriging analyses the spatial structure of the data, integrates the averaged spatial 
variability of the data and allows for a measure of the accuracy of the predictions. The variogram 
(or semi-variogram) is a graph relating the variance of the difference in value of a variable at pairs 
of sample points to the separation distance between those pairs. This relationship can in addition be 
calculated for different directions [13]. According to the Simple Kriging interpolation technique, a 
generalised linear regression is applied while either semivariograms or covariances (which are the 
mathematical forms used to express autocorrelation) are employed. 


3. RESULTS AND DISCUSSION 


Interpolated metal concentrations are illustrated in Figures 1 - 10. They show very clearly the 
diffusion pattern of the pollutants as well as their main sources. The heavy industrial units situated 
on the northern coastal area affect seriously the dispersion of heavy metals such as Cr, Mn, Fe, Cu, 
Zn, Cd and definitely Pb. 
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The lower metal enrichment at the western part of the gulf could be attributed to the 
corresponding reduction in intensive pollution sources though there are fuel tanks nearby. It should 
be noticed that the geological features of the gulf are characterised by a variety of soil composition 
as well as the presence of subsea currents contributing to material transport and sediment 
mobilisation. The above mentioned lower metal content at the western exit of the Elefsis Bay could 
also be partially attributed to the grain size of the material covering the seabed, which is 
characterised as coarse sand [14], potentially reflecting the shallower depth at these sites. Notably 
contaminant material has a greater affinity for fine sediment and organic matter. 
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Figure 1. Prediction surface for Al content in sediment samples. 
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Figure 2. Prediction surface for Cr content in sediment samples. 
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Figure 5. Prediction surface for Ni content in sediment samples. 
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Figure 8. Prediction surface for Cd content in sediment samples. 
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Figure 10. Prediction surface for Pb content in sediment samples. 


4. CONCLUSIONS 


The status and trend of marine chemical pollution serve the needs of an environmental monitoring 
procedure while offers a tremendous help towards an effective environmental awareness-raising 
effort. The pollutant dispersion trend is essential in order to keep the environmental pressure below 
the ferrying capacity of the ecosystem, allow a better land use pattern and identify the major 
pollutant sources. This trend can be found out by using the appropriate geostatistic approach 
providing with multiple geospatial maps. This approach satisfies also the requirements of coastal 
and marine spatial planning. 

In the current study the Simple Kriging interpolation technique was applied in an effort to 
reveal the pollutant spatial distribution in the gulf of Elefsis that is well known for its industrialised 
northern coastal area. 
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Abstract 


The goal of the European energy policy about the development of “clean” energy, combined with 
the rapidly increasing energy demand, has led to the enhancement of the interest in exploitation of 
Renewable Energy Sources (RES), which are extremely ecological friendly forms of energy. The 
utilization of RES in Greece and wind farms in particular, is the number-one challenge in the field 
of energy. The phenomenon of uncontrolled wind facilities siting, causes land use conflicts, social 
reactions and proves the weakness of a comprehensive, prudent use of natural resources, resulting in 
inadequate protection of the natural and human environment. The present paper deals with the issue 
of the determination of Optimal Siting Areas (OSA) for wind farms, particularly in the Regional 
Unit (RU) of Chania, Crete in Greece, in the framework of Geographical Information System (GIS) 
by implementing the Analytic Hierarchy Process (AHP). 


Keywords: Renewable Energy Sources (RES); wind farm siting; Analytic Hierarchy Process 
(AHP); Geographic Information Systems (GIS); Chania 


1. INTRODUCTION 


The increased living standards of modern society, the continuous population growth, combined with 
global warming and climate change are notable factors, which create strong interest to promote 
alternative and greener energy sources. Renewable Energy Sources (RES) are environmental 
friendly energy sources since by their usage, environmental impacts and energy losses are reduced 
and significant fuel saving is achieved. Thus, RES constitute an essential component of sustainable 
development and must be taken into consideration in future energy production plans. 

Regarding the rate of participation in power production, wind farms stand out as RES 
technologies. However, the wind farm siting is an essential issue, since their mass construction at 
the beginning of their growth, without any legislative guidelines, has led to uncontrolled siting, 
creating many social and environmental effects. An integrated policy for wind farm siting issues, 
satisfying the need for rational planning and programming on this specific field, was introduced by 
the Greek legislative framework (Special Framework for Spatial Planning and Sustainable 
Development for Renewable Energy Resources — SFSPSD) [1] at 2008. 

The siting process of RES facilities consists of a number of parameters described, both in 
environmental as well as social-economical and technical data. The multitude of factors involved in 
the siting process necessitates the use of computer systems. Geographic Information Systems (GIS) 
are flexible spatial data management and performance tools. This type of software offers the 
possibility to create dynamic maps and to integrate both existing data and any future amendments. 
GIS are essential for the implementation of spatial analysis methods, since the spatial resolution is 
determined by the management of spatial data, which are organized in them. Numerous studies have 
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been found in the literature involving the use of GIS, in order to apply wind farm location criteria 
[2. 3, 4, 5, 6, 7]. Baban and Parry (2001) [8], for instance, applied a GIS (IDRISI) in order to apply 
wind farm location criteria using two different methods to combine information layers for a site in 
Lancashire (UK). 

Along with Geographic Information Systems various methodologies such as multi-criteria 
analysis (MCA) have been developed and implemented, for solving similar siting problems, to 
integrate, apart from purely technical aspects, the environmental and social-economical factors. 
MCA also referred as multi-criteria evaluation (MCE) methods allow analysis of complex, multi- 
dimensional trade-offs between choice alternatives for example locations or suitability analysis of 
an area [9, 10]. One of the multi-criteria decision making (MCDM) models is the Analytic 
Hierarchy Process (AHP) that was first appeared in 1980 by Saaty [11]. According to this method, 
the original problem is divided into individual segments or variables, which are classified 
hierarchically, giving numerical values to the estimates of the relative importance. Finally, the 
assessments' combination, determines which variable has the highest priority/influence on the 
result. Essentially, this method provides the ability to review, prioritize and parse many conflicting 
environmental and social-economical criteria. This specific model of MCDM has been applied in 
several studies. Effat (2014), Tegou et al (2010) and Bennui et al (2007) have applied the Analytic 
Hierarchy Process in order to define the relative weights to the criteria by making binary 
comparisons of them, for the determination of the most suitable sites for wind farm development 
projects. 

The aim of this paper is to develop a methodology of an integrated assessment and hierarchy of 
selected areas, to determine the Optimal Siting Areas (OSA) for wind facilities, in Regional Unity 
(RU) of Chania, Crete in Greece. The rest of the paper is organized as follows: section 2 provides 
insightful descriptive details into the area of interest, and section 3 presents the methodology 
performed as well as the selected exclusion and evaluation criteria. Section 4 presents the optimal 
areas for wind farm siting and their contribution to the energy production of the study area, whilst 
section 5 provides concluding remarks together with some policy implications. 


2. STUDY AREA 


The Regional Unit of Chania is located in the westernmost quarter of the Crete island. Its total area 
is 2,376km/?, with 171.822 inhabitants, according to the National Census of 2011, and a population 
density equal to 66 inhabitants/km^. According to the Regulatory Authority of Energy (RAE) [12], 
Crete belongs in the non-interconnected islands system i.e. the Greek islands whose electricity 
distribution network is not connected to the mainland distribution system. The share of RES in 
electricity production in Crete in December 2014 is 18.04%. Regarding the energy production from 
RES and especially from wind and solar energy, the figures given by the Hellenic Electricity 
Distribution Network Operator (HEDNO), for the December of 2014, show that wind farms (W/F) 
produce far more energy than the photovoltaic systems (P/S). Regarding to the RU of Chania, a 
9,5% decrease of the produced wind farms energy is observed during the period of 2012-2014. 


3. METHODOLOGY 


The methodology used to select the optimal siting area (OSA) for wind farms in RU of Chania, 
includes certain stages (Figure 1) that are analyzed below. This separation process enables the 
researcher to carry out potential reviews and corrections that may be needed at any stage. 

First of all, the exclusion stage is performed, in which the exclusion criteria/areas, minimum 
distances that need to be kept from exclusion areas and some additional restrictions are defined, in 
order to make the remaining available areas exploitable for the installation of a wind power plant. 
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Thereafter, the evaluation criteria are selected, according to which every available area chosen for 
evaluation, will be further investigated. 
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Figure 1. Methodological approach 


3.1 Exclusion Stage 

At the initial stage exclusion/incompatible areas are specified. Specifically, the exclusion criteria 
and minimum distances selection is performed, according both to the National Institutional 
Framework concerning the wind farm siting issues [1], as well as to corresponding examples of 
wind farm siting found in the literature [2, 3, 4, 5, 6, 7, 8, 13, 14]. 


3.1.1 Exclusion criteria 

Exclusion areas include point, linear and polygon exceptions, as shown in Table 1. It should be 
mentioned that lakes, rivers and wildlife refuges are not included in the exclusion areas mentioned 
in the SFSPSD. The reason that the first two areas are excluded is clearly obvious, since onshore 
wind farms cannot be developed on rivers and lakes. Wildlife refuges are selected as exclusion 
areas, due to the sensitive wildlife flora and fauna that can be disrupted by the construction and 
operation of the wind farm facilities. 
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3.1.2 Minimum distances 

The depiction and presentation structure of the following categories is based on the Annex II of the 
Renewable Energy Special Framework that analyzes the minimum distances that must be kept from 
neighboring land uses, activities and technical infrastructure networks. The final minimum 
distances (Table 1) are specified by the combination of the above Special Framework's guidance 
and the distances found and compared in the wind farm siting literature [2, 3, 4, 5, 6, 7, 8,13,14]. 


Table 4. Exclusion Criteria and Minimum Distances 


: "NM Minimum 
Exclusion Criteria Type Distances 
Sites of Communit 
ExC 1 a CD. Polygon 1000m 
ExC 2 Special on Qus Polygon 1000m 
ExC 3 Core of National Park Polygon 1000m 
ExC 4 Wildlife Refuges Polygon 1000m 
ExC 5 Coasts Point 1500m 
ExC 6 Lakes/Rivers Polygon/Linear 300m 
ExC7 Coastline Linear 2000m 
ExC 8 Archeological Sites Linear 1000m 
ExC 9 Monuments Point 700m 
ExC 10 Settlements>2000res. Polygon 1500m 
ExC 11 1000res. «Settlements «2000res. Polygon 1000m 
ExC 12 Rest Settlements Polygon 500m 
ExC 13 Traditional Settlements Polygon 2000m 
ExC 14 Monasteries Point 500m 
ExC 15 Road Network Linear 150m 
ExC 16 High Voltage Network Linear 150m 
ExC 17 Antennas/Radars Point 120m 
ExC 18 Airport Point 3000m 
ExC 19 Quarries Polygon 500m 
ExC 20 Mining Areas Polygon 500m 


3.1.3 Further restrictions 

At this point, a further analysis is performed to find out whether the areas from the previous stage 
can be considered available. Using such an automated process (GIS, ArcMap) in order to edit and 
enhance the suitable areas, the areas that arise are essentially filtered only by the mathematical 
procedures of a computer. Therefore, although some areas may be considered appropriate for the 
chosen criteria, they probably cannot be used due to some further restrictions. 

The size of each area is one of those restrictions. It is considered appropriate to remove from the 
available sites, those with surface less than 300.000m/, i.e. 0.3km/?, due to the adequacy of large 
areas that emerged and the inability to install wind farm facilities in such small areas (polygons). 
Moreover, another feature that should be considered is the existing power plants, some of which 
coincide with areas emerged. Finally, the criterion of the 0.3km? areas is further applied in areas 
emerged after the deduction of land with existing RES facilities. 
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Table 5. Phases of Exclusion Stage 


1° Phase: Exclusion Criteria & Minimum Distances 


Area (km?) Coverage area of the RU 
Initial areas 190.5 896 
Excluded areas 2156 91% 


2™ Phase: Further restrictions 


e I II O OOU TEE EES ONS o oI 
Area (km^) Coverage area of the RU 
Available areas 148 696 
Excluded areas 2200 94% 


3.2 Evaluation Stage 

Twenty four polygons-regions are selected, mainly by their area and the wind potential. These 
regions are further evaluated, in order to find the optimal siting area for wind farms. 

To determine the evaluation criteria, great importance is attributed to the economic efficiency of the 
potential wind farms, since the necessary environmental protection is ensured at the previous stage 
where the unsuitable areas are excluded. The appropriateness of the selected alternative areas is 
investigated not only in terms of economic efficiency, but also in terms of the minimum cost 
installation. The criteria examined in this stage are described in Table 3. 


Table 6. Evaluation Criteria 


Evaluation Criteria Abbreviation | Policy Relevance Limit | Type 
EvC1 | Wind Speed (m/s) WS Technical/Economic | >4m/s | Benefit 
EvC2 | Slope Terrain (%) ST Technical/Economic | <25% | Cost 
EvC3 | Distance from HV Network (m) DHVN Economic Cost 
EvC4 a from Road Network DRN oonan Cod 
Distance from Settlements (m) DS Environmental/Social Benefit 


EvC5 


For the determination of the optimal wind farm siting area, the Analytic Hierarchy Process, 
which was developed by Saaty (1980) is performed. It is a process of converting subjective scores 
with relative weight in a set of scores or gravities used in problems with discrete choices. It 
addresses the problem of gravity (weight) distribution in a set of activities, according to their level 
of relevance. 

During the comparison process, the data of each hierarchy level are compared with the other 
element of the same level, using as criteria the elements of the upper level (Figure 2) and the 
comparison starts at the 1“ level. 
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4. RESULTS 


The available areas resulting from the exclusion stage, are depicted in Fig. 3. The circled polygons 
represent the alternative sites selected for evaluation based on their extent and wind potential for the 
determination of optimal siting areas suitable for both installation and operation of wind farm 
facilities. 
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Figure 3. Available Areas/Evaluation Areas 
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Figure 4. Evaluation Areas' Priorities 
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Figure 4 presents the appropriate areas based on their priority in the optimal siting issue of wind 
farm facilities in accordance with the selected criteria and the Analytic Hierarchy Process. Thus the 
different color of each area represents the level of suitability for wind farm siting (extremely high: 
blue to extremely low: red). 


5. CONCLUSIONS 


The aim of this research is to develop a methodology in order to determine the Optimal Siting Areas 
(OSA) for wind farm development projects, in Regional Unity (RU) of Chania, in Greece. This 
specific methodology is based both on the existing (2015) legal framework, and the Greek and 
foreign literature review regarding wind facilities siting. The tools used in the analysis are the 
Geographic Information System, specifically the ArcMap 10.2.2 and the Analytic Hierarchy 
Process. 

The aforementioned methodology is simple and objective. Moreover, it contributes to 
sustainable energy development in line with current legislation. An integration of economic, 
technical, environmental and social consequences of wind farm siting has been taken into 
consideration. The Optimal Siting Areas are assessed in order to affect to the less possible extend 
the natural and the human environment as well as the return of the investment in this sector. 
Therefore, the configuration of a vision with reference to sustainable energy production systems, 
based on available resources and characteristics of each region is promoted. The alignment of 
energy and environmental policies is, at the same time, facilitated towards sustainability. 
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Abstract 


The successful implementation of an Offshore Wind Farm (OWF) project requires the appropriate 
planning of the whole installation process towards the efficient management of the project's 
activities and of the corresponding resources (people, materials and equipment). In the present 
paper, the planning of the installation of a 218 MW OWF in the Greek seas is implemented, aiming 
at the efficient management and the cost control of the installation process. The installation of the 
examined OWF is implemented through the development of three different installation scenarios, 
by modifying: (a) the applied installation method and (b) the characteristics of the installation fleet. 
In this way, the effect of the two aforementioned parameters on the duration and on the cost of the 
installation process is examined and demonstrated. Moreover, the effect of the weather conditions 
on the installation timetable and on the corresponding cost is being investigated. 


Keywords: offshore wind farms; installation planning; time schedule; cost control; weather 
constraints 


1. INTRODUCTION 


The efficient harnessing and exploitation of the indigenous offshore wind energy potential, directly 
linked to the long-term strategies, priorities and energy policies of the European Union [1], can 
contribute significantly to the coverage of the increasing energy demands in European countries [2]. 
As a result, in recent years the offshore wind energy sector and the Offshore Wind Turbines’ 
(OWTs) technology have been rapidly developed and this fact has resulted to large-scale 
commercial deployment of Offshore Wind Farms (OWFs), especially in the coastal and offshore 
areas of Northern Europe [3]. In Greece, contrary to the northern European countries, the 
investments in the offshore wind energy sector present nowadays only a future goal. This may be 
attributed to the existence of bureaucracy barriers and strict licensing procedures related to the 
implementation of OWF projects, as well as to the lack of corresponding know-how and expertise 
related to the manufacturing and the installation of OWFs. 

The successful implementation of OWFs projects, besides the efficient handling of various 
technical challenges related to the design and the operation of OWTs, requires the appropriate 
planning of the whole installation process towards the efficient management of the project's 
activities and of the corresponding resources (people, materials and equipment). Under this 
framework, the installation process of an OWF has been investigated by various researchers, who 
presented various aspects of this process (e.g. installation methods, requirements of the installation 
fleet) [4, 5, 6] or they focused on the optimal planning of the relative marine operations [7]. In all 
the above studies, specific projects (Cases Studies) were considered, since the activities and the 
resources (e.g. vessels) of the installation of an OWF depend strongly upon the size of the OWF, the 
installation depth and the applied configuration of the OWTs’ support structure. 


968 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


In the present paper, the planning of the installation of a 218 MW OWF in the Greek seas is 
implemented, aiming at the efficient management and the cost control of the installation process. 
The OWF is considered to consist of 66 fixed bottom OWTs, with monopile support structures. 
Initially, the critical parameters of the installation process of an OWF consisting of fixed bottom 
OWTS are briefly described. Next, the installation of the examined OWF in the Greek seas is 
implemented through the development of three different installation scenarios, by modifying: (a) 
the applied installation method and (b) the characteristics of the installation fleet (i.e. type and 
number of vessels). In this way, the effect of the two aforementioned parameters on the duration 
and on the cost of the installation process is examined and demonstrated. Moreover, the effect of the 
weather conditions on the installation timetable and on the corresponding cost is being investigated. 
This is achieved through the inclusion of weather constraints on the timetable and the calculation of 
cumulative probabilities related to the project's duration and to the additional installation cost, 
resulting from the various activities’ delays. 


2. CRITICAL PARAMETERS OF THE INSTALLATION PROCESS OF AN OWF WITH 
FIXED BOTTOM OWTSs 


Based on common practices applied so far in OWFs projects, the installation process of an OWF, 
consisting of fixed bottom OWTs (e.g. monopile-supported OWTs), includes the following 
distinctive installation stages (Figure 1): (a) installation of the OWTs’ support structure (foundation 
structure, e.g. monopile, and transition piece), (b) installation of the OWTs’ superstructure (tower 
and Rotor Nacelle Assembly (RNA) including the hub, the blades and the nacelle) and (c) 
installation of the array and export cables. For installing the OWTs, the aforementioned OWTs’ 
parts are transported from the onshore construction site to the offshore installation area (Figure 1). 
There are a variety of parameters that affect the duration and the cost of the installation process of 
an OWF [4, 5, 6, 7]. Among those parameters, the applied installation method, the characteristics of 
the installation fleet (i.e. type and number of vessels) and the weather conditions are considered in 
the present paper as the most critical ones. 


Installation Stages of an OWF 


Installation of the OWTs' Installation of the Installation of the 
Support Structure OWTs’ Superstructure Cables 


Transportation 


Installation of the : 
of OWTs’ Parts Su BdARUR Installation of the Installation of the 
to the Offshore structure tower array cables 


Installation 
Area 7 ; F 
aay Installation of the Installation of the Installation of the 
transition piece RNA assembly export cables 


Figure 1. Transportation of OWTs’ parts and installation stages of an OWF. 


With regard to the first critical parameter, the installation method is related to the applied 
implementation sequence of the installation stages shown in Figure 1. Specifically, two different 
installation methods may be defined depending upon the implementation of the installation stages 
either in series (1“ installation method) or in parallel [5] (24 installation method). In the case of the 
1* installation method, the support structures of the OWTs are initially transported and installed in 
the field. Then, the transportation and the installation of the OWTs’ superstructures follow as well 
as the cables’ installation. It is mentioned that the transportation and the installation of the OWTs’ 
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support structures is usually implemented successively per groups. Each group contains a specific 
number of support structures depending upon the capabilities of the installation fleet. The same 
holds for the OWTs’ superstructures. The 1“ installation method is the simplest one and it is highly 
recommended for OWFs with a small number of OWTs and/or for cases with limited available 
resources. As for the 2" installation method, the support structures and the superstructures of the 
OWTs are transported and installed in parallel and, then, the cables’ installation follows. The above 
transportation and installation are usually implemented successively for distinctive groups of 
OWTS, depending again upon the capabilities of the installation fleet. A prerequisite for applying 
this method is the existence of human resources with high-level expertise, the availability of the 
installation fleet and the budget availability. 

Additionally to the applied installation method, it is straightforward that the installation process 
of an OWF depends strongly upon the available resources (people, materials and equipment) [7] and 
their management as well as upon the onshore construction site's (e.g. port) infrastructures and its 
logistics [8]. Among the above parameters, the characteristics of the installation fleet (i.e. type and 
number of vessels) have been considered in the present paper as the second critical parameter of the 
OWFs' installation process. The selection of the vessels’ type and number depends upon the size of 
the OWTS, the applied installation method, the availability of the vessels as well as upon the budget 
availability. 

Finally, with regard to the third critical installation parameter, the existing weather conditions 
(wind and wave conditions) may reduce the performance of the installation vessels and/or may 
interrupt the installation process and, therefore, they may impose constraints on the implementation 
of the transportation of the OWTs’ parts as well as on the completion of the activities of the various 
installation stages (Figure 1). Consequently, the weather conditions may lead to timetable delays 
and to an increase of the installation cost. In the present paper, the wind velocity 10 m above the 
mean water level, Uio, and the significant wave height, Hs, have been selected as the physical 
quantities describing the weather conditions. Based on the experience of installed OWFs and taking 
into account the vessels' size as well as the experience/know-how of the human resources, weather 
conditions corresponding to Uj927—10 m/sec and/or H,21.5—3 m may be considered inadequate for 
the safe implementation of any transportation and installation activity of an OWF project. It is 
mentioned that in the present paper the threshold values of 7.5 m/sec and 1.5 m for Uio and Hg 
respectively have been taken into account. 


3. INSTALLATION OF A 218 MW OWF IN GREEK SEAS 


In order to investigate the effect of the critical installation parameters, described in the previous 
section, on the installation process of an OWF, the case of a 218 MW OWF in the coastal area of 
Alexandroupoli, in Northern Greece (Figure 2) is taken into account. The project is currently at a 
status of early planning. The OWF consists of 66 fixed bottom OWTs. The water depth varies 
between 7.7-28.0 m, while the distance of the OWF from the shore is 5.7 km. The capacity of the 
OWF can cover the energy demands of 212187 Greek households, i.e. it can cover part of the 
energy demands of the surrounding onshore areas. 

The installation of the examined OWF is implemented through the development of three 
different installation scenarios, by modifying: (a) the applied installation method (Figure 3) and (b) 
the characteristics of the installation fleet (1.e. type and number of vessels) (Table 1). 

In the case of the installation scenarios No. 1 and No. 2 (Figure 3), the installation stages 
(Figure 1) are implemented in series (1* installation method, see Section 2). Initially, the OWTs’ 
support structures are transported and installed in the field. The support structure's transportation 
and installation are implemented successively for 22 distinctive groups of support structures (3 
support structures per group). Then, the corresponding export and array cables are installed, while, 
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finally, the transportation and the installation of the superstructures are implemented successively 
for 22 distinctive groups of superstructures (3 superstructures per group). Although the same 
installation method is applied for both installation scenarios No. 1 and No. 2, the characteristics of 
the installation fleet are different between these two scenarios. This is shown in Table 1, which 
includes the type and the number of vessels that are taken into account in the corresponding 
installation scenarios. 


Northern 
Greece 


Alexandroupoli's 
port 


OWF’s position 
(40.806", 25.90") 


Figure 2. Location of the examined OWF. 


Installation method: 


Implementation of the installation stages in series 


Installation of the 
OWTs’ 
superstructures 
(per 22 groups of 3 
superstructures 
each) 


Installation Installation of the 
Scenarios No. 1 [== | OWTs’ support Installation of the 
and No. 2 structures (per 22 array and export 
groups of 3 support cables 
structures each) 


Installation method: 
Implementation of the installation stages in parallel 
(per 22 groups of 3 OWTS each) 


Installation of the 
Installation oe UE 
Scenario No. 3 SHCHUTCS Installation of the 
array and export 
Installation of the cables 
OWTs' 


superstructures 


Figure 3. Applied installation methods for the three examined installation scenarios. 


In the case of the installation scenario No. 3 (Figure 3), the 2" installation method described in 
Section 2 (implementation of installation stages in parallel) is used. This method is applied 
successively for 22 distinctive groups of OWTs (3 OWTs per group). More specifically, starting 
with the first OWTs’ group, the support structures and the superstructures of the first 3 OWTs are 
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transported and installed in parallel and, then, the corresponding cables are being installed. Having 
finished with the first group of the OWTS, the above installation method is applied successively for 
the rest 21 OWTs’ groups. Table 1 shows the type and the number of vessels considered for the 
installation scenario No. 3. It should be mentioned that the characteristics of the installation fleet in 
the case of the installation scenario No. 3 are the same with the ones considered for the installation 
scenario No. 2. 

The duration and the cost of the installation process for all the examined installation scenarios 
have been initially assessed assuming the existence of good weather conditions during the whole 
project's duration (no consideration of weather conditions’ effect on the project's activities). The 
scheduling (timetable) of all the required activities and, therefore, the estimation of the project's 
duration, assuming the existence of good weather conditions, have been implemented using the 
Microsoft (MS) Project software. For assessing the cost of the installation process, the required cost 
information (e.g. cost of vessels) has been acquired based on personal communication with 
managers and engineers of companies specialized on OWFs projects. It is mentioned that both 
duration and cost have been assessed taking also into account the transportation of the OWTs’ parts 
from the Alexandroupoli's port (Figure 2) to the offshore installation field. For this transportation, 
the selected vessels (Table 1), expect of the vessels related to the cables, are used. Finally, the effect 
of the weather conditions on the duration and on the cost of each of the installation scenarios No. 2 
and No. 3 has been assessed using COAST (Comprehensive Offshore Analysis and Simulation 
Tool) developed by Fraunhofer Institute for Wind Energy and Energy System Technology. By 
including weather constraints on the timetable as obtained from the MS Project software, COAST 
performs Monte Carlo simulations [9] and enables the calculation of cumulative probabilities 
related to the project's duration and to the additional installation cost, resulting from the various 
activities’ delays. The data of H, and Ujo (time series between 1980 and 2014) at the installation 
area required in COAST have been acquired from the Hellenic Centre for Marine Research 
(HCMR). It is mentioned that the timetable included as input in COAST should have activities with 
finish-to-start connections. This fact imposes a limitation on the connection type between the 
activities that should be considered in the MS Project software. Finally, in COAST a 24-hours 
project calendar is taken into account, contrary to MS Project, where a standard 8-hours project 
calendar is used. 


Table 1. Characteristics of the installation fleet for all examined installation scenarios 


Installation Scenario No. 1 Installation Scenario No. 2 Installation Scenario No. 3 
Installation Installation Installation 
Vessels Vessels Vessels 
of of of 
Barge Jack up Jack up 
Tug boat 1 Suppor foundation PUDPOR foundation Suppor 
structure structure structure 
Tug boat 2 vessel vessel 
Cable vessel, Cable vessel, Cable vessel 
Support cable | Export cables | Support cable | Export cables | Support cable | Export cables 
vessel vessel vessel 
Cable vessel Cable vessel Cable vessel 
Support cable | Array cables | Support cable | Array cables | Support cable | Array cables 
vessel vessel vessel 
Jack up Jack up Jack up 
bine vegel Superstructure türbine vessel Superstructure Turbine Weasel Superstructure 
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4. RESULTS AND DISCUSSION 


Initially, the three examined installation scenarios are analysed assuming the existence of good 
weather conditions during the whole project's duration (no consideration of weather conditions’ 
effect on the installation process). In this way, the effect of the applied installation method and the 
characteristics of the installation fleet on the duration and on the cost of the installation process is 
examined and demonstrated. Then, the existing weather conditions at the installation area are taken 
into account and the effect of these conditions on the duration and on the cost of installation process 
is assessed. 


4.1 Effect of the installation method and the fleet's characteristics on the installation process 
The estimation of the project's duration for all examined installation scenarios is based on the 
sequence of project's activities and on the connection type between these activities. In the present 
paper a finish-to-start connection for all activities has been assumed. This assumption is made based 
on the limitation of COAST, as explained previously in Section 3. A common starting date for all 
the three examined installation scenarios is taken into account, while the same cost per day has been 
considered for vessels that are common in two or more installation scenarios. Table 2 shows the 
duration and the cost calculated for each one of the examined installation scenarios. 

Comparing the installation scenarios No. 1 and No. 2 (same installation method, different 
characteristics of the installation fleet), it is clear that the characteristics of the installation fleet has 
an impact on the installation cost of the project. Specifically, in the case of scenario No. 2, the use 
of a jack up foundation vessel for installing the support structures (Table 1) leads to an 11.496 
increase of the installation cost compared to the corresponding cost of scenario No. 1. Moreover, 
the use of the aforementioned specialized vessel does not contribute to the timetable's compression. 
This may attributed to the fact that in the present paper the same operational time has been 
considered for both the jack up foundation vessel and for the barge maneuvered and moved by the 
two tug boats due to lack of corresponding required cost data. 


Table 2. Duration and cost for all examined installation scenarios (no consideration of weather 
conditions' effect) 


Installation Starting date Finish date Duration Installation costs 
scenario (days) (million €) 
No. 1 January 10, 2018 487 212.854 
No. 2 March 1, 2016 January 18, 2018 493 237.209 
No. 3 June 2, 2017 329 119.399 


Focusing on the effect of the applied installation method considering the use of the same 
installation fleet, the installation scenarios No. 2 (implementation of installation stages in sequence) 
and No. 3 (implementation of installation stages in parallel) show remarkable differences as far as 
the project’s duration and cost (Table 2). Specifically, the installation method applied in the case of 
scenario No. 3 enables the more efficient utilization of the assigned resources, namely the jack up 
foundation vessel and the jack up turbine vessel, as well as the fastest completion of the required 
installation stages; therefore, the duration of the installation process is significantly decreased (a 
decrease of 33.3% in the project’s duration is achieved compared to the installation scenario No. 2). 
Considering that the compression of the project’s timetable leads to a decrease of the operational 
and leasing costs of the installation fleet, a straightforward result of all the above is the significant 
reduction of the installation cost in the case of the installation scenario No. 3 (a decrease of 50.0% 
approximately in the project’s cost is achieved compared to the installation scenario No. 2). 
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4.2 Effect of weather conditions on the installation process 

The effect of the weather conditions (H, and U10) on the duration and on the cost of the project is 
investigated for the installation scenarios No. 2 and No. 3. Based on the Monte Carlo simulations 
performed in COAST, the cumulative probabilities related to the project's duration and to the 
additional installation cost, resulting from the various activities’ delays, are calculated. The 
corresponding results are shown in Figure 4. 

Considering the cumulative probabilities of the project's duration (Figures 4a and 4b), it should 
be mentioned that for a 24-hours project calendar considered in COAST the on-time completion of 
the project (existence of good weather conditions during the whole project's duration) is equal to 
159 and 110 days for the installation scenarios No. 2 and No. 3 respectively. The existence of 
durations larger than the above values corresponds to timetable delays caused by the interruption of 
the transportation and of the installation activities due to the existence of weather conditions, which 
are inadequate for the safe implementation of these activities. The aforementioned delays result to 
an increase of the project's installation cost calculated assuming the existence of good weather 
conditions (Table 2). Consequently, cumulative probabilities of the additional installation cost can 
be calculated (Figures 4c and 4d). It is mentioned that the additional cost per day is different 
between the two examined scenarios (175X10? € and 120X10? € for installation scenarios No. 2 and 
No.3 respectively), since the installation activities, where the delays appear are different. This fact 
is a direct consequence of the consideration of different installation methods in the two examined 
scenarios. Specifically, in the case of the installation scenario No. 2, the project's delays and, 
consequently, the additional installation cost are attributed to the existence of a larger operation 
time for installing the OWTs’ support structures. On the contrary, the project's delays and, 
consequently, the additional installation cost in the case of the installation scenario No. 3 are related 
to delays on the cables' installation. Based on Figure 4, it is clear that for both installation scenarios, 
the existing weather conditions have a small effect on the duration and on the cost of the specific 
project, since the probability of a delayed completion of the project is equal to 3.4% and 2.6% for 
the installation scenarios No. 2 and No. 3 respectively. 
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Figure 4. Cumulative probabilities of duration and of additional installation cost 
for the installation scenarios No. 2 and 3. 
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Table 3 shows the maximum possible duration and cost of the project for the installation 
scenarios No. 2 and 3 considering the effect of the weather conditions on the installation process. In 
the same Table, the duration (use of 24-hour project calendar) and the cost of the project assuming 
the existence of good weather conditions during the whole project's duration (no consideration of 
weather conditions' effect) is also shown for comparison reasons. 


Table 3. Duration (24-hour project calendar) and cost for installation scenarios No. 2 and No. 3 
without and by considering weather conditions' effect 


No condra on oi weather Consideration of weather conditions’ effect 
conditions’ effect 
Installation Duration | Installation cost | Maximum plasm : Proximum 
scenario (days) (million €) delay (days) quon inso COSE 
(days) (million €) 
No. 2 159 237.209 3l 190 242.634 
No. 3 110 119.399 31 141 123.119 


It can been seen that the weather conditions may lead to an increase of the duration of the 
installation process approximately up to 19% (max delay equal to 31 days) and up to 28% (max 
delay equal to 31 days) for the installation scenario No. 2 and No. 3 respectively. As a result of this 
delay, a maximum possible increase of the installation cost equal to 2.3% and 3.1% for the 
installation scenario No. 2 and No. 3 respectively is observed compared to the installation cost 
calculated assuming the existence of good weather conditions. 


CONCLUSIONS 


In the present paper, the planning of the installation of a 218 MW OWF in the Greek seas is 
implemented, aiming at the investigation of critical parameters on the corresponding installation 
process. For the examined OWF project, the applied installation method, contrary to the 
characteristics of the installation fleet, has a significant impact on both the duration and the cost of 
the installation process. Specifically, the implementation of the OWF's installation stages in parallel 
enables a more efficient utilization of the assigned resources; therefore, it leads to a significant 
decrease of both the duration and the cost of the installation process. However, it is mentioned that 
this method requires high level of expertise, experience on similar projects and availability of the 
required installation fleet. Based on the above, it is clear that the applied installation method and the 
appropriate scheduling of the installation activities are crucial towards the efficient management 
and the cost control of an OWF's installation process. With regard to the weather conditions, it is 
clear that irrespectively of the applied installation method, the existing weather conditions for the 
examined OWF project have a small effect on its duration and its cost, since the probabilities of a 
delayed completion are quite small. In any case, cumulative probabilities of the project's duration 
and of the additional installation cost resulting from the consideration of weather conditions may 
contribute to the effective project management of an OWF installation. 
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Abstract 


In the last decade the world has witnessed an unprecedented growth in distance learning methods 
extending throughout the entire education continuum (elementary, continuing, undergraduate, and 
graduate). More than ever, innovative e-learning instructional technologies are used not only for 
online instruction but have permeated the traditional classroom to create novel hybrid 
onground/online learning environments. In 2011, the number of students taking at least one online 
course exceeded one-third of the total US higher education enrollment and continues to grow. In 
2015, the University of New Haven launched its first engineering fully online graduate program 
leading to the M.S. in Environmental Engineering (M.S. EnvE). The M.S. EnvE, established in the 
early 70s, is one of the first programs of its kind in the State of Connecticut that, for over 40 years, 
has produced graduates who embarked in successful careers and became leaders in major consulting 
firms, the industry, the public sector, and academia. The new online program builds on the long 
tradition of excellence of the on-ground program and aims to reach working professionals who seek 
advancement and value independent and life-long learning. The work presented herein provides an 
overview of the new educational paradigm of online education, compares and contrasts two 
fundamental modes of online instruction (synchronous vs. asynchronous), and teaching and learning 
in on-ground and online environments. Furthermore, the basic features of the UNH online M.S. 
EnvE are disseminated, including the program structure and curriculum, institutional support 
structures, instructor training, examples of instructional activities, and operational challenges and 
experiences. 


Keywords: online programs; synchronous; asynchronous; e-learning; environmental engineering. 


1. THE EVOLUTION AND PROLIFERATION OF e-LEARNING 


The advent of the Information Age has brought about profound changes in economy, society, and 
culture. To effectively function in the new era individuals must possess a dynamic and multi- 
faceted set of attributes (often referred to as 21“ Century Skills) for “employment, citizenship, and 
self-actualization" [1]. Although several groups have contributed a variety of skill lists the one by 
Partnership for 21° Century Skills is commonly cited [2]. Accordingly, three major groups of skills 
are identified: 1) Learning and Innovation Skills, 2) Information, Media and Technology Skills and 
3) Life and Career Skills. In addition, to promote and communicate knowledge of their specific 
academic discipline at a higher level, 21* century learners must acquire a variety of 
interdisciplinary skills including global awareness, financial/-economic/business/entrepreneurial, 
civic, health, and environmental literacy [2]. This diverse framework of competencies cannot be 
static and must be adaptive to a rapidly evolving information and communication technologies 
(ICT) [3]. 
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To help students attain these competencies the education system must embrace a paradigm shift 
that relocates the center of its attention to learning [4]. This transformation necessitates a drastic 
reinvention of the role of teachers, learners, curricula and delivery, and media applications [5]. 
Central to these radical changes sweeping post-secondary education is a new learning environment 
where the student is transformed from a passive, dependent, solitary individual to an active, 
independent, collaborative learner, capable of learning to learn/think/create/communicate and 
producing rather than reproducing knowledge. In the meantime, the evolution of ICT has created an 
enormous variety of educational applications that loosen the spatial-temporal confines of the 
traditional classroom and transform it to an interactive node of the information superhighway 
system. The “new classroom” is now open not only to the real but also to the digital world. Within 
this context, the instructor functions not as a conveyor of knowledge or a controller of the learning 
process but rather as a facilitator of knowledge and a creator of a learning environment. Today, 
novel instructional scenarios seek to cast interactive, experiential, and exploratory rather than 
didactic and expository actors; this transition is often epitomized by the expression "from a sage on 
the stage to a guide on the side" [6]. 

These innovations have spurred an unprecedented advance of e-learning (a.k.a. distance 
education/learning) programs that embody emerging learning environments capable of 
supplementing or replacing traditional face-to-face (F2F) instruction [7]. These cover the entire 
spectrum from none to fully online distance learning and include hybrid learning, blended online 
(BOL), and massively open online courses (MOOC). Fully online distance learning may be 
delivered in one of two modes, synchronous or asynchronous. Synchronous online learning requires 
the simultaneous “presence” of participants (students and instructor) via a variety of remote audio- 
visual conferencing technologies in a simulated virtual classroom environment. Asynchronous is 
student centered learning based on the constructivist educational theory. This approach relies on 
independent learning combined with peer-to-peer interactions that build an asynchronous learning 
network (ALN) [8]. Although, synchronous and asynchronous e-learning methods support different 
purposes [9], for a number of reasons beyond the scope of this review, asynchronous is the 
preferred mode for most online post-secondary programs in the U.S. expected to attain mainstream 
status by 2020 [10]. Combinations of asynchronous and synchronous online features (i.e. BOL) as 
well as traditional F2F and online instruction (i.e. hybrid) are also practiced. MOOCs are online 
courses targeting unlimited participation and open access via the internet. The users (students, 
teaching assistants, instructors) form an interactive user network and share course resources, views, 
and opinions. The popularity and use of MOOCS has peaked in 2012 and although still available 
today, interest in them has tapered off [11]. 

Enrollment data verify the explosive development of online education. Since 2004, when online 
education statistical records have been compiled, enrollment in online courses and programs has 
increased exponentially. In less than ten years (2003-2012), the number of students enrolled in at 
least one online course increased from 1.9 to 6.7 million students, the latter number representing 
more than one third of the total enrollment in U.S. Higher Education institutions (32.596) [12, 13]. 
These numbers indicate that online education is attaining a mainstream status and is, according to 
69.1% of academic leaders, is critical to long-term strategy of their institutions [13]. Engineering 
online programs are lagging behind other disciplines primarily because of the inevitable reliance on 
laboratory courses and mathematics/science fundamental subjects that are challenging for online 
instruction. However, for M.S. level engineering programs, there are fewer perceived barriers to 
online instruction since they do not rely as much on laboratories, students have already mastered 
basic mathematical and science skills, and the program credit requirements are significantly lower 
[14]. For these reasons, M.S. level programs are often considered as the gate of entrance to online 
education for many engineering institutions of higher learning. 

The work reported here disseminates the academic and institutional steps and pathway from 
conception to creation and establishment of the online M.S. in Environmental Engineering at the 
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UNH. The basic online education philosophy, the fundamental governing principles and standards 
for online course development are discussed. In addition, the faculty technical and instructional 
training programs are presented. Finally, challenges and lessons learned during the first year of 
program operation are reviewed. 


2. e-LEARNING AT THE UNH 


2.1 Institutional Profile 
The UNH is a private, comprehensive institution of higher education with its main campus located 
in West Haven, CT, USA. The university, established in 1920, moved to its current main campus 
location in 1960 and also operates several other campus locations throughout the state of CT 
(Orange, Old Lyme, New London), in San Francisco, CA, Albuquerque, NM, and a satellite campus 
in Tuscany, Italy. Currently, student enrollment stands at about 6,800 students (5,000 undergraduate 
and nearly 1,800 graduate students) with international students making up 10% of the total student 
population. The UNH offers about 80 undergraduate and graduate degree programs, the latter 
primarily at the M.S. level, in engineering, criminal justice and forensic sciences, business, natural 
and social sciences, and arts. The institution's rich tradition in professional education made it a 
natural candidate to enter the online education market and thus expand its reach beyond the local 
commutable areas. Currently, UNH offers four totally online programs: a M.S. in Criminal Justice, 
a M.S. in Emergency Management, the M.S. EnvE, and a B.S. in Professional Studies. 

In the sections immediately following various aspects of online education at the UNH are 
presented. The UNH approach to online course development is illustrated graphically in Figure 1. 
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Figure 1. The UNH online course development process. 


2.2 e-Learning foundations at the UNH 

Neuroscience, education research, and universal design principles are the foundation of course 
development for the online graduate Environmental Engineering program at the UNH. This 
combination ensures that sound learning research drives the creation of activities and assessments, 
the presentation of content, and the selection of technical tools. The UNH Touchstones, the 
university' s online development standards, are based on these principles and research, and are used 
during course development and as the basis for course evaluation when development is complete. 
Training for faculty who will develop or teach online courses also is based on these same principles 
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and research. The transition from classroom to online teaching provides a unique opportunity for 
faculty to learn effective teaching strategies in the new learning environment. The UNH Office of 
eLearning has developed a framework to support instructors who are designing and teaching online 
courses. The framework is based upon established, research-based instructional design practices 
[15]. 


2.3 Faculty training 

Since UNH has an instructional design staff, faculty training focuses on how to use the course 
management system for teaching rather than course building. The Office of eLearning provides a 
combination of one-on-one technical training (face-to-face or via synchronous web meeting) and an 
asynchronous, fully online course on the pedagogical aspects of teaching online. Prior to taking the 
online course, faculty members learn how to navigate Blackboard (Bb), the university's course 
management system, and use basic tools such as the discussion board, assignment tool, and blog. 
They also learn how to create audio and video files as well as other instructional, and 
communication applications. After the technical training, faculty are enrolled in the Foundations of 
Online Teaching and Learning course, providing them with an online student experience as they 
learn about online pedagogy. Because faculty members traditionally have little or no formal 
professional training in teaching, the Foundations course provides a critical focus on online teaching 
strategies and student-centered learning. The outcomes of the Foundations course are shown in 
Table 1. 


Table 1. Outcomes of the UNH Foundations course 


After completion of the Foundations course, faculty are expected to be able to: 
1. | Align course and module outcomes with || 6. | Create an online community of learners 
online assignments and assessments 
2. | Align online teaching tools and outcomes | 7. | Communicate effectively in the online 


environment 
3. | Compare and contrast online and on- 8. | Provide effective formative and summative 
ground teaching and learning online feedback 
4. | Select the appropriate pedagogical 9. | Create a safe, interactive, and engaging 
approach(es) for their online course environment for learning and discussion 
5. | Develop an online teaching presence 10. | Design authentic online learning 


assignments and assessments 


During the first week of the course, faculty practice creating videos and building online community 
through an introductions forum and discussion of teaching styles and philosophies. This informal, 
ungraded week is followed by four intensive weeks of graded collaborative and individual 
assignments. The last two weeks are reserved for revisions and completion of a three- to five-page 
online teaching philosophy. 


2.4 The touchstones 
The UNH Touchstones are the standards used in online course development and assessment. They 
are based on research on learning effectiveness and are designed to ensure that our courses meet all 
state, federal, and regional accreditation requirements. In addition, the standards ensure that the 
courses meet student-centered learning goals [16]. There are five assessment areas: Learning 
Outcomes, Student Information, Student Navigation, Learning Environment, and Student Learning. 
Learning Outcomes: Learning outcomes for each module in the course must be clearly written, 
measurable, aligned with course outcomes and module assessments and must show progression 
toward higher order learning [17]. 
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Student Information: Most of the requirements in the student information and navigation areas 
are covered in the UNH-branded Bb course template. Items include detailed information on policies 
and procedures, such as academic integrity; consistent course navigation design that conforms to 
universal design standards; a student contract; discussion forums for course questions and 
community building; and information on student services such as library, counseling, and technical 
assistance. A syllabus template also is included in the main course template. 

Student Navigation: Introductory, contextual, and transitional text also helps guide students 
through the course material, which is chunked and scaffolded [18] to optimize learning. 

Learning Environment: Requirements for the learning environment include: instructor and 
student introductions (preferably through video); an honor pledge, modeling and instruction for 
netiquette and academic discourse, a statement of instructor response time of 24 hours or less to 
student questions and regular instructor interaction with students through discussion forums and 
announcements. 

Student Learning: Student learning requirements include: pre- and post-assessments; timely 
formative feedback; authentic, multimodal, learner-centered assignments and assessments, 
collaborative and reflective assignments; classroom assessment techniques [19]; information 
literacy; and metacognitive approaches to assignment design. 


2.5 The template and design process 

Each course is constructed in a Bb template that provides a consistent navigation structure, essential 
information about UNH policies and student services, a syllabus template, and areas in which to 
create course-specific content and opportunities for prior knowledge assessment, collaboration, and 
reflection. The design process is a collaborative effort; the development team consists of the 
instructional designer and the faculty member, working in cooperation with the IT staff, librarians, 
program chairs and other faculty as needed. Course development begins at least six months before a 
course is scheduled to be offered for the first time. The process begins with a meeting between the 
faculty member and the instructional designer, who creates a timeline for development, which is 
then attached to the faculty member's memorandum of agreement for course development. Faculty 
members receive a stipend after the course is completed and reviewed against the Touchstones 
rubric. Using the UNH templates to guide the design process, faculty members begin their course 
development by identifying course and learning outcomes. Online courses have the same course 
outcomes as face-to-face versions of the course. Learning outcomes for each of the weekly course 
modules are created based on the course outcomes. Activities and assessments are then developed 
that align with the outcomes for each module. This process is known as “backward design" [20]. 


3. THE ONLINE M.S. ENVE AT UNH 


3.1 Program description 

The fully online M.S. EnvE program has been launched in January 2015. The online program is 
based on the UNH's well-known and respected on-ground M.S. EnvE program established in the 
early 70's. Both programs, offered by the Department of Civil and Environmental Engineering, 
require the completion of 30 credits. 

Online courses are offered in 5 convenient 7.5- or 6-week long terms, during the academic year 
and the summer, respectively (2 terms in the spring, 1 in the summer, and 2 in the fall) at one course 
per term allowing students to complete the program in as little as 2 years. To provide flexibility for 
working professionals not able to commit to taking courses throughout the year, a maximum 
program completion period of 5 years is allowed. The online M.S. EnvE program was designed for 
working professionals and features a fully supported online learning environment. Courses, offered 
in an asynchronous mode, can be completed fully online using Blackboard (Bb), the same 
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instructional platform used UNH-wide to augment on-ground courses with online instructional 
elements. Furthermore, online courses are developed with the help of trained instructional designers 
with a background in education, educational technology, and online course delivery. All online 
courses feature full technical support for issues associated with the use Bb and other ICTs. 

As of March 2016, seven online M.S. EnvE courses have been successfully delivered (the 
program was launched in January 2015), while the 8th course is currently in progress. In addition, 
two more courses are under development and will be offered during the fall 2016 semester. This 
will mark the completion of the first full course cycle and possibly the first program graduates. As 
enrollment increases and once the program has been well established, additional course offerings 
will be planned and implemented. 


3.1 The curriculum 

The online M.S. EnvE program offers 10 3-credit courses in various areas of environmental and 
water resources engineering, and in environmental law (see Table 1). Students also have the option 
to work on a Research Project (CIVL 6690), or an Independent Study course (CIVL 6695) instead 
of one of the 10 courses shown in Table 2. 


Table 2. M.S. EnvE online courses 


Course Code Course Title Course Code Course Title 
CIVL 6601 Physical-Chemical Treatment of CIVL 6614 Surface Water Quality 
Aqueous Wastes Management 
CIVL 6602 Biological Treatment of Aqueous CIVL 6618 Hazardous Waste Treatment 
Wastes 


CIVL 6603 Contaminant Fate and Transport in CIVL 6623 Open Channel Hydraulics 
the Environment 


CIVL 6605 Solid Waste Management CIVL 6661 Air Pollution Fundamentals 

CIVL 6606 Environmental Law and CIVL 6690 Research Project 
Legislation 

CIVL 6610 Pollution Prevention Management CIVL 6695 Independent Study I 
Technologies 


The content of all online courses is based on the on-ground version of the course, however, course 
delivery methods and assignment types may vary considerably. For example, online course content 
is delivered asynchronously using a variety of methods that include written module outlines, 
PowerPoint presentations with voice-over recordings, video recordings of problem solving 
exercises, software demonstrations, and open source videos available on the internet. Assignments 
for online courses are typically more writing intensive and include posts to weekly discussion 
boards, weekly journal entries to document one's study process or challenges encountered, quizzes, 
problem sets, and tasks associated with the term project. 

A key component in all online courses is that instructors facilitate the establishment of an 
active and engaged learning community. This is achieved by video introductions, frequent instructor 
feedback, discussion boards, journals, and communication messaging. Course material is broken 
down into weekly modules that students complete at their own pace. However, assignments 
associated with a given module have to be submitted by mid- or end-of-the-week deadlines. 
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3.2. The faculty and the students 

The online M.S. EnvE courses are taught by the same faculty members (full-time or adjunct) as 
their on-ground counterparts. All full-time faculty members have a terminal degree and adjunct 
faculty members are all successful practitioners with significant experience in their respective 
fields. All faculty must complete the foundations course prior to developing or teaching an online 
course. 

Online students come from a variety of science backgrounds including environmental science, 
chemistry, physics, biology, geology, soil science, marine science, and environmental health. 
Students with a non-civil or environmental engineering background are required to complete certain 
undergraduate courses in mathematics, environmental or water resources engineering prior to 
matriculation. Relevant work experience is also accepted in lieu of some of these prerequisite 
courses. The majority of the online students are working professionals with 2-7 years of 
professional experience in environmental engineering or related areas who continue their daytime 
jobs while taking courses. Some applicants have at least 10 years of work experience past the B.S. 
degree, but not necessarily in the field of environmental engineering. Finally, a small number of 
applicants have over 20 or 25 years of work experience in environmental engineering or related 
areas. These working professionals choose to take a full course load (i.e. they complete all courses 
offered in a given year) or they register for 2-3 course per year depending on their time availability 
and financial situation. Most students either apply for federal financial aid or employer tuition 
reimbursement programs. The program draws applicants from many parts of the U.S. (i.e. NY, PA, 
NJ, VA, OH, MI, GA, CO, WA). In addition, certain students of the on-ground M.S. EnvE and the 
M.S. in Environmental Science programs are allowed to register for up to 2 online courses while at 
UNH. A decision is based on uniform selection criteria (minimum GPA of 3.0, demonstrated time 
management, and self-learning skills) and an interview with a faculty member to discuss differences 
in expectations in on-ground and online courses. 


3.3 Institutional support structures 


The program, department, and the College 

The online M.S. EnvE program is administered by the Department of Civil and Environmental 
Engineering at the Tagliatela College of Engineering at the UNH. One of the full time faculty 
members serves as the coordinator of the online M.S. EnvE program. The program coordinator's 
duties include meeting with prospective students, making acceptance decisions, and serving as the 
academic advisor for students enrolled in the program. Additional duties include course scheduling, 
adjunct staffing, and interacting with the various offices that are involved in online program 
planning, delivery, and student recruitment and retention related activities. Finally, the College of 
Engineering provides one teaching assistant to the Department to support the online M.S. EnvE 
program. 


Graduate admissions 

The office of Graduate Admissions oversees program marketing, recruitment, and admission 
related activities. Prospective students can contact a designated enrollment counselor who guides 
them through the application process. The counselor also directs students to the program 
coordinator as needed, typically for inquiries related to the academics. In addition, the director of 
Graduate Admissions serves as the primary contact person for online students regarding any student 
support related issues, such as matters concerning registration or financial aid. 
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3.4 Operational challenges and lessons learned 


Recruitment 

Program marketing and student recruitment is currently overseen by Graduate Admissions. 
Program faculty also contributes to recruitment efforts by participating in open houses, 
communicating with prospective students, and by professional networking. The Admissions office 
has implemented a targeted marketing campaign for the online program, but despite all efforts, the 
number of applicants has remained below the target level of 15 students/class during the first year 
of program operation. As of February 2016, there are 8 students in the online M.S. EnvE program 
while another 5 students are in various stages of satisfying conditional admission prerequisites. 
After the first year of operation, under enrolment is a concern but not a threat for long term program 
stability and sustainability as the establishment of similar online programs is known to take, at the 
very least, 2-3 years. Considering this, the program still holds a great potential and provides the 
UNH with a unique opportunity to remain an important participant in a niche academic market. 


Student support structure 

For on-ground students, the interaction with the Admissions office typically ends upon 
acceptance into a program. Instead, there are several other offices that service students on a variety 
of issues, collectively termed student support services. The Graduate Student Services Office 
organizes the graduate student orientation and also provides a “road map” for new graduate students 
introducing various student support offices and services. Some of the support offices, commonly 
used by online students, include the Financial Aid, the Registrar's, and the IT Offices. The 
challenge faced by online programs is that the university has not created a parallel structure for 
online student support services similar to the one existing for on-ground students to this date. That 
is expected to change as more online programs are established and administered. 


Lessons learned 

January 2016 marked the completion of the first year of online program operation, a milestone 
that prompts for reflection, informal evaluation and discussion of the experiences, achievements, 
and challenges. A formal program assessment will be conducted in January 2017 soon after 
completion of the first program cycle and the graduation of the first class. A brief summary of 
informal observations, perceptions, opinions, and comments regarding various program aspects by 
faculty and students is provided below: 
e Students and faculty agree that although there are fundamental differences compared to F2F 

instruction, the online environment provides ample opportunities for effective learning. 
e Faculty participating as instructors in the online program: 

o Feel that online courses proved to be more demanding than F2F courses in terms of effort 
and time required for preparation; 
View online instruction very enthusiastically; 
Value the online experience highly; 
Consider it as an opportunity to reinvigorate their teaching interest; 
Contemplate that the online environment can act as a motivational force behind the 
adaptation of new instructional tools and teaching techniques to enrich their F2F courses. 
e Students in the online program: 

o  Appreciate the greater number and diversity of instructor and peer review performance 

assessment opportunities in online classes; 
o Value highly online discussions on technical, social, economic, and environmental aspects 
of technology; 
o Believe the online environment provides more opportunities for group work; 
o Feel they learn equally well or better in an online environment compared to F2F classes; 
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o Consider that the online environment offers more opportunities to improve social, 
communication, and leadership skills. 


4. CONCLUSIONS 


In the last decade the world has witnessed an explosive growth of online programs which in 
combination with the rapidly evolving ICT have led to innovative e-learning instruction practices. 
These new e-learning environments require a drastic reinvention of the role of teachers, learners, 
curricula, delivery, and media applications. Central to the new e-learning environments are 
neuroscience research and constructivist educational theories. These developments along with 
universal design principles are the foundation of course development for the online graduate EnvE 
program at UNH. Training for faculty who develop or teach online courses also is based on these 
same principles and research. The transition from classroom to online teaching provides a unique 
opportunity for faculty to learn effective teaching strategies in the new learning environment. The 
completion of the first year of administering the M.S. EnvE program has proved to generate a 
positive experience for faculty and students. 
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Abstract 


At the Earth Summit (1992), in Rio de Janeiro, a set of principles defining the rights of people to 
development as well as their responsibilities to safeguard the common environment was adopted. 
That was the time the issue of "sustainable development" made its appearance. Universities around 
the world have taken the task to promote responsible environmental behavior in their student 
populations. This research attempts to record the environmental beat of the students at the 
University of Aegean at Mytilene, in Lesvos Island, Greece. A questionnaire was administered to a 
sample of 300 students and the collected results were assessed. The purpose of this study is to 
examine if students of higher education are environmentally active both at campus and their local 
community. The results will give information as far as what actions are needed in order universities 
to enhance college students’ responsible environmental behavior and to support them as active 
citizens. 


Keywords: environmental sensitivity; college students; sustainable behavior; environmental 
education; sustainable development, Greece 


INTRODUCTION 


Sustainability issues in higher educational institutions have attracted increasing levels of attention 
from both the public and policy makers in recent decades. A number of previous studies have called 
for a more comprehensive integration of sustainable development into mainstream university 
operations and curricula [1]. According to Milutinovic and Nikoli [1], the vision of sustainable 
development in higher education, is a world where everyone has the opportunity to benefit from a 
quality education and learn the values, behaviors and lifestyles required for a sustainable future and 
for positive societal transformation. Nevertheless, sustainable development in higher education is 
still far from being integrated into a holistic and functional manner by university administrators [1]. 
The purpose of this research is to determine the kind of relationship existing between different 
demographic factors and the students’ perception as members of the university community. In this 
study sampling research was chosen. Using this type of research a coincidencesample of the 
population was tested in terms of how students’ lifestyle highlights their environmental 
consciousness. 


Education effect in sustainable development 

Sustainable development (SD), according to the 1987 United Nations World Commission on 
Environment and Development, is *meeting the needs of the present without compromising the 
ability of future generations to meet their own needs" [2]. Sustainable development and the 
interplay between its ecological, social, and economic dimensions can be regarded as a highly 
complex task. As a logical consequence, educating for sustainable development also has a complex 
character [3]. Campus sustainability has become an issue of global concern for university policy 
makers and planners as result of the realization of the impacts the activities and operations that 
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universities have on the environment [4]. Universities can nowadays be regarded as ‘small cities’ 
due to their population size, and the various complex activities taking place in campuses, which 
have some serious direct and indirect impacts on the environment [4]. A sustainable university is 
defined by Habib et al. [4] as “A higher educational institution, as a whole or as a part, that 
addresses, involves and promotes, on a regional or a global level, the minimization of negative 
environmental, economic, societal, and health effects generated in the use of their resources in order 
to fulfill its functions of teaching, research, outreach and partnership, and stewardship in ways to 
help society make the transition to sustainable lifestyles’’. We are of the opinion that a sustainable 
university campus should be a healthy campus environment, with a prosperous economy through 
energy and resource conservation, waste reduction and an efficient environmental management, that 
promotes equity and social justice in its affairs and export these values at community, at national 
and global levels [4]. 


Sustainable development initiatives in higher education 

Both theoretical literature and practical experiences reveal that institutions of higher education can 
contribute to such sustainable development initiatives in many ways [5]. Over the past decade, 
many universities have taken a more responsible approach to managing their environmental 
performance and improvement. This is not isolated to a single country or region, but has been 
particularly prominent in Europe, USA, Canada as well as in Australia, Asia, South America and 
Africa [6]. University of Minessota supports sustainable development by directing the University's 
resources towards addressing community- identified issues on an on-going, long-term basis [7]. The 
Halifax Declaration was launched in December 1991 at Halifax, Canada. The declaration 
underscores the roles and responsibilities of universities in improving the capacity of the citizens of 
all countries to address environmental and development issues, such as the continuing wide-spread 
degradation of the earth's environment, the pervasive influence of poverty on the process, and the 
devastating effects of unsustainable environmental practices [8]. The Co-operation Programme in 
Europe for Research on Nature and Industry through the Co-ordinated University Studies 
(COPERNICUS) Charter was launched in Geneva, Switzerland in May 1994. The Charter is an 
inter-university, co-operation programme focused upon the environment and SD. It encompasses 
more than 320 European universities [8]. Santa Clara University created the Office of Sustainability 
in October 2008 to handle related issues on campus, and support and create further initiatives and 
efforts [2]. It adopted a Sustainability Policy in 2004 where former President Paul Locatelli, S.J., 
"devoted the university to sustainability through stewardship, education and outreach". He then 
signed the American College and University Presidents Climate Commitment in 2007, aiming to 
become a climate neutral campus. The university also completed its first Campus Sustainability 
Assessment in 2007 [2]. 


The role of universities in sustainable development 

As shown by the United Nations' Decade of Education for Sustainable Development (2005-2014), 
it is clear that today all education institutions — higher education (HE) included — have to find their 
role in relation to SD. The contribution of Universities to sustainability is increasingly being 
expressed through the publication and adoption of various strategies and declarations at 
international, regional and University level [9]. It is widely accepted that universities play an 
important role in sustainability across the world, providing a vehicle for development. Higher 
education has a unique academic freedom and a critical mass with diverse skills for developing new 
ideas in order to "help" the society, challenge and participate in adventurous experimentation to 
achieve "sustainable living" [10]. Universities educate people who would later on develop and 
manage social institutions, for that reason, universities bear profound responsibilities to increase the 
awareness, knowledge, technology and tools to create an environmentally sustainable future [10]. 
Universities are the pioneers of the academic world and can be a visionary cradle and integrity pole 
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and wisdom [10]. An inclusion of sustainable development into universitys main activities 
embraces: education, research, and outreach. Higher education represents one of the most powerful 
tools when approaching sustainable development because it has academic freedom, the diversity of 
skills and knowledge for developing new ideas, the ability to comment on society and its 
challenges, and to engage in experimentation regarding sustainable living [11]. Universities provide 
the necessary basis for research and education. However their third roleoften referred, as 
‘engagement’ is also quite instrumental, signifying a two-way interaction, giving and receiving 
knowledge. This alternative view for universities is an active approach to the triangle human — 
nature — society [12]. This research aims to outline the environmental consciousness of students 
based on their lifestyles. According to Sophie Asmar [2], students do not fully understand the 
concept of sustainability. Sustainability has not been included in their core curriculum. Most of the 
ones that are interested have either attended courses that teach the concept of sustainability or are on 
their own curious to learn about this concept. Durkheim in his theory (Functionality Structural - 
Structural Functionalism), says that society is changing to meet the new environmental needs [4]. 
Sustainable education is at an early stage to be adapted by society and the educational institutions. 
Sustainable development is not yet a model to be replicated for universities [4]. 


METHODOLOGY 


Raw data were collected using questionnaires. The design of the questionnaire is based on a 
previous research's questionnaire, which took place in Santa Clara (USA) University [2]. Our goal 
was to examine whether students of Mytilene, at Lesvos Island, understand the concept of 
sustainability, and, if they are influenced so as to adopt sustainable lifestyle and embrace 
environmentally sustainable behaviors. The questionnaire was translated and adapted to Greek 
language, in order to enable all students to effectively respond to the questions. The questionnaire 
contained 13 questions, divided into four categories depending on their contents. The first category 
included questions on various types of sustainability. The second category included questions on 
environmentally sustainable behaviors. The third one questioned implementation of 
environmentally sustainable behaviors while the last category dealt with the importance of being 
part of an environmentally aware group. We also took two hypotheses. The null hypothesis, that 
there no connection between demographics and the environmental sensitivity of students and the 
alternative hypothesis that there is a connection between them. A random sample, of 300 
questionnaires, was distributed to the various university departments. Fifty-one questionnaires were 
returned from the Department of Environment, 51from the Department of Social Anthropology and 
History and 51 from the Cultural Technology one. The rest of the questionnaires were returned from 
the Departments of Sociology, Geography and Marine Sciences, specifically a total of 49 from each 
of the mentioned departments. Finally, only 193 of the collected ones were suitable for statistical 
analysis. The total University of the Aegean population is 4000 students. 


RESEARCH AND RESULTS 


From the total of 193 respondents, the 23% were male and the majority (77%) female (Figure 1). 
Concerning the age of the participants, most (20%) are in their 21st year of age. The ages of 20, 
22 and 19 are recorded as the 18%, 18% and 17% of the sample respectively.Students of age 23 or 
older represent the 14% and those aged 18 comprise the 13% of the sample (Figure 2). 
Regarding the year of studies, the largest percent of responses (24%) appears to be in their third 
year of studies, followed by first-year students, a 22.3%. The table below presents the rest of 
responses (Figure 3). 
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The University of the Aegean at the Mytilene (Lesvos Island) campus offers 2 directions of 
studies, the Social Sciences and the Environmental Sciences, with 7196 of students in the Social 
ones (Figure 4). 

The respondents were quite equally distributed in the various participating departments (Figure 
5). 
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Figure 5: Responders by Department 
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After the questions about demographics, are the ones about the environmental issues.The 
questions were divided into 4 categories. The first category concentrated on the terminology of 
sustainability, attempting to assess how students define sustainability. Diversity was chosen as 
extremely important. The terms (Figure 6) that students had to choose in relation to sustainability 
were: 


e Diversity e Human Rights 
e Civic Engagement e Economy 

e Energy Conservation e Environment 
e Economic Viability e Social Equity 
e Nature e Ethics 

e Social Justice e Health 

e Long-term approach to global problems 

e Climate Change 


Defining Sustainability 


O HP N WwW A Un O N 


Diversity Climate Change Economy 


™ Mean E Standard Deviation 


Figure 6: Defining Sustainability 


The second category was composed of questions about environmental sustainable actions (Figure 
7). Concerning the actions that are considered as most important for achieving the environmental 
sustainability the students chose between 6 different situations. The younger ages answered thatthe 
wise use of waterand buying energy efficient appliances(mean: 6.06, standard deviation: 1.14) were 
the most important ones. On the other side, women found recycling(mean: 6.23, standard deviation: 
1.11) to be the most impactful actionfor the achievement of environmental sustainability. The 
departments in the Environmental Sciences divisionfavored using fuel efficientcars (mean: 5.94, 
standard deviation: 1.24). Finally they found eating less beef (mean: 4.20, standard deviation: 1.93) 
to be significantly less important than the rest of the actions regardless of their demographic 
differences. 
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Figure 7: Situations for achieving environmental sustainability 


The third category of questions focused on the reasons behind applying environmental friendly 
behaviors.The related statements can be seen below: 

e For the pleasure I sense when I find ways to improve the quality of the environment 
Because it’s the logical thing to do in order to help the environment 
Because I love the feeling when I do things for the environment 
For the pleasure I get when I do things for the environment 
Because other people will get angry if its not done 
Because I would feel ashamed if I didn’t do something about the environment 
Because my friends insist in doing it 
Because being environmental friendly it’s part of my identity 
Because it’s part of the way I chose to live 
To avoid being criticized 
I don’t know. I don’t understand how my efforts, being environmentally friendly can help 
the situation of the environment 

Women stated that it’s the logical thing to do. Men supported that other people will get angry if 
they don’t do it. Respondents from the Environmental Sciences division answered that it’s their 
lifestyle and from the Social Sciences that they would feel ashamed if they didn’t do something 
about the environment. Finally, in the fourth category, to the question about how important it is to 
participate in an environmentally active community, we accept the null hypothesis, that there is no 
relation between demographics and environmental awareness in students. This means that 
regardless of age, college year, college, department and gender, students consider that is quite 
important to belong to an environmentally sensitive group (Figures8-12). 


Null Hypothesis Test Sig. Decision Null Hypothesis Test Sig. — Decision 
The distribution of 13 How impotant Independent- The distribution of 13 How important Independent- 
is it to you to fool a sense of Samples Retain the is it to you to feel a sense of Samples Retain the 
community with other corrmuniy Mann- 097 null 1 community with other community Mann- 246 null 
members? is the same across Whiney U hypothesis. members? is the same across Whitney U hypothesis. 
categories of Gander. Test categories of College. Test 
Asymptotic significances are displayed. The significance level is .05 Asymptotic significances are displayed. The significance level is .05 
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Figure 12: Hypothesis test summary 


4. DISCUSSION AND CONCLUSIONS 


In conclusion, for questions concerning the awareness towards the environment and the ways in 
which participants pursue their sustainable behavior, age plays an important role, since the students 
between 20-23 years seem quite savvy about the environment. At the same time, sex shows to affect 
the given answers, with women being more sensitive about the environmental issues. There is a 
need to explore, in more detail, the potential of gender in the context of environmentally responsible 
behavior, as literature research reports that women show stronger environmental concern and 
attitudes than men. Perhaps when environmental educators fully take on board the need for a gender 
dimension in environmental education programs, will students be equipped to envision a more 
sustainable society [13]. Irrelevant of the year of their study, there was a consistent environmental 
awareness. Regarding questions about the university community of Mytilene, their department, year 
of study and direction of study, all appear to be quite important in relation to their environmental 
participation. 

It is also observed that students of environmental sciences are more sensitive to environmental 
issues than those from the social ones. This is probably due to the fact that courses and activities 
that promote responsible environmental behavior are priorities in the divisions of Environment 
Sciences curricula. Regarding the students in the Social Sciences division, as they are 
anthropocentric sciences, the environmental issues are lagging behind in their curricula. However 
nowadays, where science and technology are rapidly evolving, all students regardless of the school 
in which they are enrolled, must have the necessary knowledge regarding environmental issues in 
order to become environmentally active participants in the decision making processes. It should be 
stressed that knowledge of and positive attitudes toward the environment are necessary keys for 
making informed decisions about environmental issues [14] Environmental education has been 
easily incorporated into hands-on experiences, since those are the starting point of all learning [14]. 
Environmental education provided children with the opportunity to practice responsible 
environmental actions, which helped them to develop new environmental behaviors. [14]. 

To sum up environmental sensitivity is obviously a measurable and significant educational 
approach for college students in Mytilene. The is no doubt that the economic crisis during the last 6 
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years has prevented students from thinking further if they have to be more sensitive against 
environment, because they are obligate to fulfill other important needs. Youth must be educated in 
and out universities in how to take care, respect and protect the environment. Environmental 
sensitivity must be a priority in university system's educational agenda [14]. Mytilene has two 
unique departments all around Greece, concerning the environment. It is necessary to promote and 
protect the environmental sensitivity of students studying the science of the environment. Students 
by all available means, must learn to care for the planet, make efforts to improve the environment 
and be part of an environmentally active community [14]. The study of environment is the process 
that will give all participants the necessary survival skills. Each one of us has to make a sincere 
effort to secure the quality of human life. 
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Abstract 


The last few years, Greece is experiencing a big economic crisis and the impacts of a refugee crisis 
too. Since March 2011, when the Syrian uprising turned into civil war, the intense exodus of 
civilians to neighboring countries made its strong appearance in the Aegean Sea, and especially at 
Lesvos Island in Greece. Refugee movements in such high numbers tend to produce uncontrolled, 
daily interruptions to the receiving region's local community environmental management. This 
research is trying to assess the environmental impact of the refugees at the island of Lesvos. 
Moreover, it is addressing the environmental footprint the island of Lesvos is up to experience, due 
to lack of appropriate planning and anticipation for such a huge increase of mass arrival, who 
desperately try to find shelter and assistance before (and if) they ever continue their journey to other 
European countries. 


Keywords: refugees; Lesvos Island; environmental footprint; environmental impact; Greece 


1. INTRODUCTION 


Due to wars, conflicts, natural disasters and environmental accidents [20], mass refugee movements 
have occurred. People with low resiliency are enforced to relocate [7], on their desperation to find a 
safer place to go on with their lives. World history proves that the most dramatic migration 
movements were: firstly, the one of 12 million Germans migrating from Eastern Europe to Western 
Europe after the Second World War [2] and secondly, the one caused by the Syrian war. Syria is 
presenting the biggest humanitarian and refugee crisis of recent years, a continuing cause of 
suffering for millions of people [31]. 

Globally, by the end of 2014, almost 60 million people were forced to leave their homes due to the 
war, discrimination or violation of the human rights. This mass exodus of people from their own 
country has exponentially increased in our days. The consequences of this global phenomenon are 
much bigger than the actual issue itself. Whenever refugees settle in a specific area, it is 
mathematically proven that they will affect the social, environmental and political environment of 
the hosting region [12]. Due to lack of appropriate planning and anticipation for such an intense 
increase of people arriving, especially when the hosting nation does not have sustainable and 
integrated management plans, regarding the above mentioned concerns, the problems that are 
caused are unaffordable [11]. 


1.1 Environmental degradation caused by refugees 

Obviously emergency conditions, such as the sudden appearance of a large number of refugees, 
have a major impact and pressure on the environment of the receiving area. Nobody expects 
refugees to be environmentally conscious while they are fighting for their lives and crossing 
hundreds of miles daily to find a better life for them and their children. Refugees’ mentality, 
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behavior and overall awareness on the importance of environmental issues have to be analyzed from 
different points of view than what we are accustomed to [16]. Hence, the issues of concern should 
be assessed from the host's point of view. To name some of the host country's focal points: 
improved sanitary and waste systems in refugee camps, upgraded waste management on the 
entering location, increased international assistance to arriving refugees. Obviously, a waste 
management scenario that is characterized by low collection capacity, low manpower, lack of 
recycling sorting system, poor treatment technology and uncontrolled landfills could lead to 
environmental and humanitarian hazards [6,9]. The arrival of refugees is resulting to further land 
degradation and increased waste production. Failure to mitigate these impacts, would lead to 
environmental pollution [11], which will directly affect human's health. Another consequence is the 
burden of diseases, which do not only jeopardize the health status of refugees but of the hosting 
communities as well [21]. 

The management of solid waste is an important concern in emergency conditions, e.g. those of 
a refugee camp [5]. Improper waste management activities can: a) increase disease transmission or 
otherwise threaten public health, b) contaminate ground and surface water (solid waste streams can 
disperse toxic materials and pathogenic organisms into the leachate of dumps and landfills), c) 
create greenhouse gas emissions and other air pollutants. Public health and hygienic standards are 
considered very important aspects to safeguard quality of health, placing therefore the waste 
management as a top priority [11]. 

This paper will give an overview of the Syrian refugee situation and the resulting 
environmental consequences at the island of Lesvos, in Greece, which happens to be a major entry 
point on European Land. This research will therefore try to assess the refugees' ecological footprint 
at Lesvos Island. 


1.2 The Syrian war - The refugee crisis 

The Syrian civil war started in spring 2011, well known as Arab Spring. Pro-democracy protests, 
all-over the country, stood against President Bashar Al Assad's, who was characterized by 
authoritarianism, political corruption and human rights violation. Protesters were armed with the 
help of opposition militias who have been fighting against governmental forces. At 2012 the 
conflict has erupted in full-grown civil war between the pro government ones against the ones 
opposing to it [8]. At the same time, it is a religious war between different ethnic groups in the 
Arabian world [2]. This war is ongoing and causes massive migration of people from Syria and the 
surrounding countries as well to Europe [22]. 

By the time Syrian war has started, as the United Nations High Commissioner for Refugees 
(UNHCR) announced in 15" of March 2016, from a total population of 20 million, more than 
470000 people have been killed, 4.8 million have fled the country and 6.6 million have been 
displaced inside Syria [31]. A majority of refugees have fled to Jordan and Lebanon [15], straining 
the already weak infrastructures and limited resources there. According to UNHCR [29] sources, 
4834880 refugees from Syria have been registered elsewhere until 59 May 2016, with 9596 of them 
found in five countries: Turkey, Lebanon, Jordan, Iraq and Egypt [1]. Specifically, 2.1 million 
Syrians were registered by UNHCR in Egypt, Iraq, Jordan and Lebanon; 1.9 million in Turkey, and 
more than 26700 refugees in North Africa. More than two million Syrians, along with migrants and 
refugees from other war-torn countries, have fled to Turkey and attempted to cross Mediterranean 
Sea (Figure. 1) to seek refuge in Europe, overwhelming receiving countries, since they weren't 
ready or willing to cope with this sudden outcome [31 ]. 
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Figure 1. Sea arrivals to Mediterranean Sea from the year 2008-2016 
(based on data received in 16" April 2016 by UNHCR) 


1.3 The refugee crisis and the Greek involvement 

This massive immigration is known as the “Middle East Refugee Crisis", and obviously it has 
affected all the neighboring to Syria, countries including Greece. The UN Refugee Agency 
announced in 16" of March 2016, that more than one million people, mostly refugees from Syria, 
Iraq and Afghanistan, have crossed into Greece since the beginning of 2015 [33]. UNHCR has 
pointed out that up to 14" March 2016 more than 143634 refugees have arrived to Greece from 
Turkey, bringing the total number of such arrivals into Greece to 1000357 since the January of 
2015. So far 448 people have drowned or are missing compared to a total of 3771 for last year [33]. 
UNHCR has reported that more than one million refugees reached Europe last year, including the 
arrivals from Libya to Italy [33]. Figure 2 shows the countries receiving the majority of the refuge 
movement for the year 2016. 


Greece 
m Italy 


E Spain 


Figure 2. Refugee Crossing the Mediterranean Sea per receiving country for the year of 2016 
(based on data received in 16" April 2016 by UNHCR) 
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For more than seven years refugees and migrants from Syria, Afghanistan and Iraq have been 
crossing Mediterranean Sea heading to Greece [28]. However, Greece is not their final European 
destination since they wish to continue their journey to northern and western EU countries. All 
these years, Greek islands, like Lesvos Island, are facing an enormous pressure to deal with such 
large number of refugee arrivals [29]. 

The islands that are near Turkey, such as Lesvos, Kos, Chios and Samos (Figure 3) happen to 
have limited economic resources and a fragile environmental sustainability structure making them 
very fragile in emergency situations, like the one related to the Middle East Refugee Crisis. 
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Figure 3. Number of refugees that reach the Greek Island, the years 2014 and 2015 (based on data 
received in 16" April 2016 by Hellenic Police) [23]. 


Greece the last decade has been seriously affected by the global economic turmoil [13]. This 
crisis has caused a dramatic impact on everyday life, since the reduction or absence of income 
caused losses in prosperity and pushed large sections of the population in poverty [14]. The national 
health system has been in jeopardy, which makes even harder the delivery of services to the latest 
refugee flow. 


2. CASE STUDY 


2.1 Refugees and Lesvos Island 
The island of Lesvos is located in the North-Eastern Aegean Sea, in Asia Minor, and with an area of 
1636 km’, is the third largest Greek island after Crete and Evia. It has a coastline of 370 km. 

The Municipality of the island of Lesvos consists of 13 sections and 190 villages with a total 
population of 86436 residents. Based on census data for the years from 1981-2011 for the island of 
Lesvos, a population decrease is observed (Table 1). 

The main island activities include farming, fishing and agriculture. Lesvos Island is well known 
for its local products (olive oil, ouzo, honey, wine and cheese) [19]. In 1987, tourism as a well- 
defined business investment makes its appearance and has been growing steadily since then [4]. 
With its beautiful, unique and full of variety landscapes, the island has developed ecotourism and 
other forms of alternative tourism investments. 
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Table 1. Population flow on the Lesvos Island (Data from the Greek Statistic Services) 


Year Population Growth rate 
1981 108840 

1991 90790 - 16,696 
2001 94283 + 3,896 
2011 85330 - 9,5% 


Consequently, this concept attracts many tourists with different expectations and interests. Lesvos 
has a significant number of hotels operating which provide over 6000 beds and another 7500 ones 
through rentals [25]. The total number of tourists, who visited the island, in 2015, was around 
168721, which is twice the number of the island's residents. Nevertheless, a slight decrease in 
tourism flow, probably related to the refugee concept, has made its appearance, seriously puzzling 
the local community who fears further reductions in one of their vital investment sectors. 


2.2 Municipal solid waste (MSW) production and environmental management of Lesvos 
Island 

According to receiving data from the "Service of Planning Department, Cleanliness, Recycling, 
Waste Collection" of the Municipality of Lesvos the amount of MSW on the island is about 100 
tones / day in winter and ranges from 120-130 tones / day in the tourist season. Specifically, in 2014 
the amount of unsorted waste was 37146 tones plus the waste in recycle bins, which came up to 
1285 tones, thus the total quantity of waste was 38331 tones. The unsorted wastes were collected 
from about 8000 bins and the recyclable ones from approximately 1600 blue bins. The wastes’ 
collection is done, by the 40 vehicles for the unsorted ones and by 4 vehicles for recyclable 
materials. The vehicles making careful arrangements and several trips each manage to cover a 
significant portion of the whole island's needs. The Central Sanitary Landfill Disposal of the island 
has 307 acres of land. The responsibility of uploading, disposal and recovery of wastes is placed on 
the Municipal Waste Management and Environmental Development Company of Lesvos. Sorting, 
compression, and sale of recyclables is occurred in a private center, the Recycling Sorting in Moria 
area, run by the company “Sea-Lesvos Foundries Recycling SA” [3]. 


2.3 Environmental degradation before the refugees" mass movements 

The most important part of the production of solid waste on Lesvos is from tourism related 
activities (restaurants, hotels etc.) during the summer season, which officially starts on the 15" of 
May and ends on 15" of October, with peak period from 15" of July until 15" of August. 
According to the waste amount and type, waste producers on Lesvos Island, can be divided into: 
residents of urban areas, residents of rural areas, international tourists and Greek tourists. The 
amount of waste is increasing and the composition is changing. Especially the seasonal tourist 
population affects the island's basic infrastructure. Traveling to the main landfill is too long to make 
it economically feasible for daily transfers and therefore transportation of waste happens 
sporadically. Other than that, waste of illegal immigrants is the main cause of beach litter in Lesvos 
[10], which along with tourists’ waste are the main sources of such pollution. 

In Lesvos most of the large hotels and almost all the hotels located in remote areas have 
biological wastewater treatment plants, as required by the Greek government [18]. The treated 
water is recycled through irrigation of hydrophilic plants or disposed to the environment after taking 
the necessary permits. Most of the biological wastewater treatment plants of the hotels are not 
operating satisfactorily. They especially face problems due to the seasonality. The flow reduction in 
the low season jeopardizes biomass's re-activation. Lack of experienced personnel is another 
problem. 
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Many of the sewage systems are under construction [18]. By 2018 all wastewater must have 
been treated before its discharge [17]. By then, 36 wastewater treatment facilities should be 
operational. Twenty-six of them will include secondary treatment and disinfection, making treated 
water appropriate for irrigation purposes. In addition to this, industry wastewater produced by ouzo 
distilleries, slaughterhouses, cheese and dairy industry and, most importantly, olive oil mills has 
major impact on the environment. Especially the olive oil industry since its sewage is quite polluted 
and difficult to be treated [18]. 


2.4 Environmental degradation after the refugees’ mass movements 

The majority of refugees were staying at Lesvos for 2 — 4 days, for registration purposes. Then they 
were being transferred to Athens in order to continue their journey to Northern European countries. 
Recently due to the closure of European borders a significant number of them has been trapped to 
Lesvos Island with ambiguous departure date. 

The major waste problem Greek island face, due to refugees’ movement is the disposal of 
plastic from their life jackets and inflatable crafts, which remains behind upon their arrival to the 
islands. Plans by several Ministries have been proposed in order to deal with the issue. Moreover, 
landfill capacity is not adequate for the unexpected inflow of people in the islands where refugees 
arrive. The volume of lifejackets collected until April 2016 was 16000 cubic meters. This type of 
waste has been collected and transferred to 3 municipal stations, in an effort to find a way to recycle 
it. The materials though, the life jackets are made from, cannot be recycled in Greece. 

Regarding the production of Municipal Solid Waste, the Municipality of Lesvos while trying to 
assess the amount of pressure the island is up to, due to the number of refugees that are hosted at the 
island daily (including the hosted NGO members, journalists, etc.) carried a study. Based on this 
study, it was concluded that the daily production of MSW related to the refugees’ flow ranges 
between 7 to 30 tons, with a daily cost for collection - transport — landfill services, between 1500 to 
5500 euros. In this amount it is not included the cost for 'special' waste cranes - trucks etc., cleaning 
of affected beaches, cleaning of areas where refugees stay, and cleaning of the port that 
occasionally gets occupied [3]. 

Some refugees are staying at the camps and some of them at hotels and apartments. Several 
camps do not have wastewater purification system for waters from showers and kitchens, but are 
only equipped with toilet toi-toi system which is again transported to the waste pit of septic tanks 
and to the pine forest "Tsamliki" where all the residues of the water treatment facilities in Lesvos 
are being discharged. NGO representatives dealing with the refugee crises have been using rental 
cars and there is also an increased demand for public busses operation. This automobile use increase 
adds to existing air pollution problems due to excess emissions. 


3. DISCUSSION AND CONCLUSION 


Contemporary life activities exert intense pressure on nature and result in some kind of 
environmental degradation. In the recent refugee inflow scenario, in Lesvos Island, the evaluation 
of the emerging environmental concerns bring to light the lack of a state of art environmental 
management system to start with. 

The refugees' footprint can be summarized as: pressure on water and energy demand, soil 
destruction, air pollution, deforestation, waste production. However, every refugee crisis is unique 
and needs to be observed and managed as an individual condition [26]. In the case of Lesvos, 
refugees were staying a maximum of 14 days before they continued their journey towards northern 
and western EU countries. Now this has changed, because refugees have been trapped in the island, 
since the European borders have been closed. The biggest impact refugees have on waste 
production is because of their safety equipment: lifejackets, inflatable boats and belts. When it 
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comes to solid waste, there is a large increase because of them staying for days into camps. 
Therefore, overpopulation of Lesvos Island is projected that it could cause significant 
environmental degradation. Greece was not well prepared to deal with the refugee flow while being 
also in a harsh economic crisis situation. 

And while some businesses are making a profit from the refugees’ stay at the island, the long 
term prosperity of the island' s economy and environment need to be studied in great detail. 
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Abstract 


Today the need for creating an environmentally sensitive citizenry is perhaps greater than ever. 
Literature is one of the ways in achieving such a goal. In this paper the achievement of such a goal 
is attempted through the use of short stories and, in particular, though the work of Alexandros 
Papadiamantis, one of the most skilled short story writers of modern Greece. First, this paper offers 
a discussion of the importance of literature, and in particular short stories, for environmental 
education. Second, after listing some of Papadiamantis’ most ecologically oriented short stories the 
paper discusses the importance of nature in the writer's work. Third, this article offers suggestions 
of active learning activities which can help students explore the values they hold and open a fruitful 
environmental dialogue. 


Keywords: literature; environmental education; Alexandros Papadiamantis. 


1. INTRODUCTION 


In the field of education, literature can be useful for aesthetic quality, for cultivating emotion, for 
language development and for the knowledge it offers. It can also be useful as a prevention 
mechanism for undesirable situations as well as provide solutions [1]. 

Literature can help in shaping positive attitudes and activating learners towards a multiplicity 
of problems including the environment. Literature can also contribute to the transmission of values 
and ideologies depending on the text studied [2]. 

People accept information more easily when their mental defences are not activated and so 
fiction may be a more effective learning tool than a factual text [3,4]. Also, through fiction 
audiences can be "transported" into the story and take the relevant information back to real life [5]. 
Also, the heroes of stories can set examples for students to follow or avoid. In addition, it can help 
them build their own attitudes and views through analyzing their own behaviour towards others, the 
environment or life in general [6]. 

Among Greek writers who praise nature Alexandros Papadiamantis (1851-1911) would 
certainly be the first to mention. In many of his texts he reveals the greatness of nature and the 
interdependence of man and nature [7]. 

Short stories are among the most suitable literary tools for teaching purposes since: a) they are 
practical as their length is long enough to cover entirely in one or two class sessions, b) they are 
relatively easy for students to work with by themselves, c) they have a variety of choice for 
different preferences, and d) they can be used with all levels, all ages and all classes [8]. 

This paper, through Papadiamantis’ most ecologically oriented short stories, discusses the 
importance of nature in the writer's work. As “this type of literature...reveals the unity and 
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importance of the coexistence of all species, it reveals the magic of nature which renews, which 
gives rebirth, which is the core of ecological consciousness" [9] such literature can help in the 
formation of attitudes and behaviours towards the environment [7]. The paper finally puts forward 
some ideas for discussions, debates or essays which can contribute to shaping attitudes, views and 
behaviours. 


2. PAPADIAMANTIS AND NATURAL ENVIRONMENT 


"Trees have soul, branches ache when broken, yet they please with their perfume and shadow those 
who hold them. They prevent bad things from happening, they are used for medical purposes, and 
they calm the soul!" [10] 

In the majority of his stories Papadiamantis frequently refers to the gullies, the ravines and the 
high grounds of his home island Skiathos. He also refers to the island's little harbours, cliffs, caves, 
seashores. His unforgettable child memories dominate Papadiamantis' writings. He turns his 
memories into stories enriched with his religious experiences, or the troubles and the joys of the 
poor people of his island. In addition to his child memories he also derived the subjects of his 
stories from the poor neighborhoods of Athens [11]. 

Papadiamantis has defined the substance of his work this way: *Regarding myself, as long as I 
live, as long as I breathe and have my senses, I shall not stop praising my Christ with adoration, 
describe nature lovingly, and paint with affection the true Greek ways of living" [11]. 

Nature is the protagonist in many of Papadiamantis’ short stories. Some examples: “Around the 
Lake", “The Crucible”, “Under the Royal Oak Tree", “The Dead Traveller", “The Black-Scarved 
Woman", “Dream on the Waves", “Theros-Eros”. His most ecologically oriented stories are: 
“Under the Royal Oak Tree” and “Dream on the Waves". 

Papadiamantis’ writings cover all types of plants: brambles, maidenhairs asparagus, myrtles, 
honeysuckles camomiles, wild olive trees, pomegranate trees, almond trees, oak trees, chestnut 
trees... [12] 

Papadiamantis' writings contain plenty of ecological-nature loving content without the 
scaremongering we would most likely find in today's environmentally oriented fiction. His work 
records the inner world of a person in love with nature but at same time his stories deal with nature 
fully and deeply. This quote reveals the above points well: "Environment in its full definition, as 
horizon and base, as perspective, as substance and phenomenon, as language, as man, as society, as 
world and nature, as matter and God, as life and death, that is the whole exists everywhere and 
described and analyzed directly and indirectly..." [13] 

His short story “Under the Royal Oak Tree", which is widely regarded as his most ecologically 
oriented short story, reveals the impact of an oak tree on the soul of the author. In this oak tree lives 
the muse Amadrias who enchants him and calls him as a living creature would do. The calling 
comes from a dream. The story conveys many messages and can attract the attention of the most 
indifferent youngster: 

“I was so moved to look at this magnificent tree...Its branches, its berries, its leaves, seemed in 
the blow of the wind to sing the psalm..." Papadiamantis’ description is superb. The strength of the 
images he conveys is overwhelming. The story is of particular importance to those who live in 
urban centers, who are deprived of a relationship with nature. He provides small journeys in the 
great paths of nature. The love the child feels for the royal oak — beyond the dream and the mirage — 
expresses the primary relationship of the people of this land with nature which, according to Elytis, 
*. ..constitutes neither past, nor present, nor future, it constitutes an impression, in a given historical 
moment and on specific material, of an unchanging expressiveness which has always characterized 
every Greek and is always the same" [7]. 
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The world and the creation are very clear in Papadiamantis' mind. For Papadiamantis, paradise 
is the world of God, for this is what he always wanted. His relationship with beauty is characterized 
by directness; he is not dependent on sterile romanticisms...or “worship the creation without God's 
guidance" [14]. 


For Papadiamantis 


nature is an inseparable part of God's creation and apocalypse, which gradually 
unfolds itself in a collage of everyday occurrences. Through the interchange of these 
images from his physical environment, the writer re-establishes the symmetry and 
harmony of all things, including eros, whose strength is paralleled with the strength of 
the embodied natural elements. Eros and nature define mystically the existence of the 
young and without problems shepherd, in the short story “Dream on the waves", 
whose ontological self-sufficiency is consciously completed through the ecstatic but 
simultaneously two-way relationship-coexistence he has with nature [12]. 


The description of nature reveals the lyricism of the writer, since through the use of simple 
elements — rocks, caves, waves — he paints a picture of outstanding beauty. The basic images which 
synthesize this landscape-seascape are: a) the lyrical image of the seashore which makes nature 
seem alive and indeed with magical powers. Man and nature coexist in harmony, they are one. b) 
The image of the sunset creates a sense of eroticism and reinforces the magical effect of nature on 
man, c) The whole area acquires through Papadiamantis’ lyrical description a magical and divine 
dimension and is the place the central episode of the story will take place. The detailed description 
of nature reveals the magical effect of nature on man but, also, it reveals the happiness which is 
created by man's contact with nature. 

The text reveals the writer's love for nature. For the writer man is happy only when he is close 
to nature. Beauty, happiness and innocence originate from her as opposed to the decay and 
unhappiness man feels when he is away from nature. The text reveals the writer's repugnance for 
the way people live in urban centers and his nostalgia for living close to nature [15,16]. 

In the “Dream on the Waves" the protagonist is an unhappy and oppressed person, a lawyer 
doing his apprenticeship. In order to find happiness and freedom the protagonist goes back to his 
puberty. Such a memory is the central theme of the story. The narration is done in first person and 
the writer seems to claim that he heard and copied this experience from someone else. Thus, the 
reader is given the opportunity to see things through the eyes of the narrator-protagonist and, 
therefore, experience the same feelings. 

The author uses in the story real names of places in the island which he describes with full 
detail as well as similes which define the characteristics of landscapes-seascapes. These elements 
hold the attention of the reader. His hero identifies himself with nature. And nature reflects the 
emotional state of the hero. This continuous dialogue between nature and the protagonist reflects an 
ascending escalation of emotions: *When, finally, the young shepherd will see the object of his 
passion swim in the sea, the coexistence of natural elements and their impact on the feelings of the 
hero will convert the whole scene into a poetical, exotic place, full of poetical contradictions... 
Nature becomes 'magic' and the erotic and romantic tension is heightened. This scenery greatly 
contradicts with the oppressed present of the writer from his life in the city, something which allows 
Papadiamantis to exercise strong criticism on the urban transformation of Greece at the end of the 
19^ century" [17]. In fact, Papadiamantis thinks of the city as a prison which exhausts its 
inhabitants and reveals his negative position on this new type of modernity [18]. 

Nirvanas describes a moment with Papadiamantis which shows the purity of Papadiamantis’ 
relationship with nature and the feeling of imprisonment he had in Athens: 
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3. 


I saw him - this I shall never forget — run behind the sun, as a youngster in love runs 
behind his mistress. This was one of the most tragic things I had seen in my life. And, I 
may say, not even a work of art could move me as tragically as the sight of 
Papadiamantis running behind the sun... It was an autumn sunset and the sun was 
setting in melancholy behind Acropolis. I then saw Papadiamantis walk fast towards the 
columns of the Temple of Olympian Zeus. Papadiamantis without stopping at all told 
me bitterly... 


-Leave me alone! I must catch the sun before it sets. I have not seen the sun for a month. 
And I never catch it. 


And he was running behind the sun, which was already hiding behind the mountains of 
Salamina. Locked until sunset in the offices of his newspaper, after leaving his office, 
he could no longer find the sun in Athens. And he was running to catch the sun in the 
open horizon, to see the sun face to face behind Acropolis, to greet him on the top of a 
far away mountain. And he was running behind the sun, without catching it [7]. 


SOME ACTIVE LEARNING ACTIVITIES 


Students can use Papadiamantis’ writings in a variety of activities. Some suggestions: 


Compare and contrast environmental issues at the end of the 19" century with environmental 
issues today. 

Choose one of Papadiamantis’ ecologically oriented short stories. Choose an extract from the 
story that seems to you particularly significant. Explain the reason for your choice. 

Choose one of Papadiamantis’ ecologically oriented short stories. If you had to change 
something in the story what would you change? Why? 

Choose an ecologically oriented short story by Papadiamantis and identify its primary message 
/ messages? What is / are its secondary message (-es)? Justify your answers. 

Choose one of Papadiamantis’ ecologically oriented short stories. What light is thrown on the 
story by its title? 

Choose any ecologically oriented short story by Papadiamantis. What questions does it raise? 
Choose any ecologically oriented short story by Papadiamantis. What emotions does it create? 
Justify your answer. 

Choose an ecologically oriented short story by Papadiamantis. As a tool for raising 
environmental awareness rate the story from | (very low) to 5 (excellent). Justify your answer. 
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Abstract 


The aim of this paper is to record the attitudes and views of elementary school pupils in the 
Prefecture of Evros as far as making best use of their leisure time is concerned, in particular through 
the use of the mass media. This was done through the use of a structured questionnaire which was 
completed by 413 pupils in the 5th and 6th year of their studies in the period May — October 2014. 
The results show that with regard to how to make best use of their leisure time half of the pupils 
decide in consultation with their parents. With regard to the activities pupils prefer in their leisure 
time these mainly are playing with friends or siblings and the participation in athletic associations. 
Watching television and using the internet is not among their main preferences because these are 
solitary activities and, therefore, of less interest to pupils. 


Keywords: environmental communication; television; elementary school pupils. 


1. INTRODUCTION 


Modern man, in his everyday activities and choices, is often influenced by the mass media. This can 
be easily discovered through observing the daily activities of both adults and children. With regard 
to whether there is a relationship between information transmitted by the mass media and acquiring 
new knowledge, the results seem positive on the condition that rational use is made. Many support 
the view that the aim of the mass media, in addition to transmitting information, is to shape the 
views and attitudes of the respondents [1] while at the same time claiming that such impact is 
significant to the degree that it can both shape and modify behaviors [2]. 

In the era of sophisticated technology and direct and fast mass communication, it is necessary 
to recognize and understand the attributes of communication and of the means which make this 
communication possible. This is necessary in order to understand the continuously increasing use of 
these mass media and of the information they transmit. With regard to the environment, information 
by itself cannot change views, attitudes and behaviors. This view is supported by Chapman & 
Sharma [3], Pruneau et al. [4] and Tsaliki [5] who think that the linking of information-theory with 
practice is necessary. In order to achieve the creation of positive attitudes and responsible behavior 
with regard to the environment, these researchers propose the use of active learning methods such 
as experiential, cooperative, reflective learning methods. 

In the past, the family was responsible for the upbringing and socialization of the child 
transmitting in turn the responsibility of the education of children to schools. After the above 
institutions, the forces completing the education of man were experiential learning and professional 
life. From a different perspective modern education seems to be defined from the interdependence, 
interrelationship and contribution of at least three important factors [6]: a) family, b) education, c) 
the so called parallel school which refers to social life as a whole, but also to the totality of the mass 
media of communication with emphasis on the press, radio, television and currently the internet. 
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The original position, regarding the impact of the mass media on the population, is strengthened, 
among others, by the research of Keefer & Khemani [7], with positive results on the issue of the 
literacy of pupils due to access to the mass media. In particular, this research was carried out in 
Benin of Africa, where frequent access to many local radio stations was linked to the rapid increase 
of literate pupils in villages of the area, but also to the increasing interest of families for educating 
their children. According to them, information and persuasion from access to the mass media can be 
achieved "either directly, via exhibition of individuals to them, or indirectly, via social networks or 
other social institutions" [7]. Also, the results of the research of Kirilenko et al. [8] regarding the 
influence of mass media and local temperature on the discussion concerning climate change on 
Twitter — means of social networking — are similar: ^weather and the news produced by the mass 
media control public interest on climate change". However, the above research cannot prove that 
the mass media constitute the intermediary-instigator of discussion with regard to this particular 
means of social networking. With regard to acquiring new environmental knowledge, according to 
Aini & Fakhru'l-Razi [9] who researched Malaysian secondary school students who participated in 
the National Environmental Education Curriculum during their elementary and secondary 
education, the main source appears to be television. According to Vryzas [10] television originally 
played a dominant role in relation to children who were passive receivers of the transmitted 
messages. Soon, however, this view was questioned and research focused on the child and the way 
the child uses television with regard to his needs, expectations, potential and particularities, 
supporting that the impact of television is neither decisive nor of minor importance. With regard to 
parental control of television viewing, the pupils of upper social classes are under stricter control in 
relation to pupils of middle and lower classes. This is most likely due to inadequate information or 
fatigue from work of the parents of pupils of middle and lower social classes. 

With regard to the role of mass media for education-learning, this has also been recognized by 
the UN inter-governmental conferences which classify them as non-formal and informal education. 
In particular, as the problems were becoming bigger and as new needs were appearing and societies 
were constantly evolving, these international conferences were materialized in the framework of 
formulating international environmental policy. During the same decade — 1970s — after the fall of 
the junta in Greece, citizen mobilization and interest on the environment and its protection begins to 
become a reality. 

The aim of this paper is, on the one hand, to present the views of elementary school pupils with 
regard to their daily habits and interests and, on the other hand, to identify the factors which will 
contribute to more effective management of their leisure time. 


2. MATERIALS AND METHODS 


For the collection of data regarding the views and attitudes of pupils of the 5^ ang 6^ grade of 
elementary schools in the prefecture of Evros a questionnaire with closed questions was used. This 
research constitutes part of a larger research project in which the questions are classified in five 
categories, which are: 1) activities-interests of pupils and the role of parents, 2) means of 
information-communication, 3) knowledge of pupils on environmental matters, 4) habits of pupils 
and their families and 5) demographic characteristics of the child and the parent. Regarding the 
interests of the pupils the categories examined were: QB _ 1=Pleasure/ Entertainment, 
QB_2=Personal matters (Your family, your friends, etc), QB_3=Athletics, QB_4= Education 
(Courses inside and outside school), QB_5=For nature, QB_6=Social matters (Regarding human 
relations around you — among them and with you), QB_7=Economic matters. Regarding the best 
possible use of the pupils’ leisure time the categories examined were: QA_1=Do you play with your 
friends/siblings? QA_2=Do you participate in athletic/cultural/social associations or academies? 
QA_3=Do you surf in the internet? QA_4= Do you play electronic games? QA_5=Do you listen 
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to/play music? QA, 62Do you watch television? QA. 72Do you read books/magazines? QA_8=Do 
you play table games? QA. 9-Do you draw? QA_10=Do you play games by yourself? QA 11-Do 
you make handicrafts? The sample was seventeen (17) elementary schools of the Prefecture of 
Evros while 412 questionnaires were completed by 5" and 6^ grade pupils. Regarding permission 
to conduct the research the researchers followed the guidelines provided by the Pedagogical 
Institute [11]. The collection of data was done during the period May-October 2014. For purposes 
of data processing descriptive statistics, Friedman's non-parametric test and categorical regression 
were used. Also, the researchers used the statistical programme SPSS. 

In the research, Cronbach's a coefficient is used to identify the internal consistency of a 
questionnaire, i.e. whether the data have the tendency to measure the same fact. It expresses the 
squared correlation between the score (observed) that a person is assigned on the given scale and 
the score that they would have obtained (true) if they had been asked about all issues [12]. The 
Friedman test is used to compare the values of three or more correlated groups of variables. The 
distribution of the Friedman test is a X? distribution with (df) df = k-1degrees of freedom, where k 
is the number of groups or samples. This test classifies the values of variables for every subject 
separately and calculates the mean rank of classification values for each variable [13,14]. The 
Friedman test was used for the multidisciplinary variables “best possible use of leisure time" (QA) 
and for the "interests of pupils" (QB). Categorical regression is an extension of the principles of 
classical linear regression and logarithmic analysis. Through scaling, it assigns values to each 
category of variables in such a way that they are optimum as concerns the regression, and reflect the 
characteristics of the original variables. Categorical regression scales the nominal, ordinal and 
numerical variables in an optimum manner, quantifying their categories, so that the squared 
correlation between the quantified dependent variable and the linear combination of the quantified 
independent variables is maximized. The interpretations are related to the transformed variables, but 
they are also related to the original variables, due to the relation that exists between the original 
variables and the transformed ones [15]. Categorical regression was applied three times with the 
dependent variables being a) the participation of parents in the activities of their children, b) the 
extent to which children watch television together with their parents, c) whether parents supervise 
the use of internet. The independent variables were the sex of the person asked, the level of 
education and the profession of the parents of the children. 


3. RESULTS 


The primary data collected and presented in this research concern the attitudes and views of pupils 
for a series of matters such as pleasure and best possible use of their leisure time, who decides for 
their leisure time, the participation of parents in the activities of their children, the extent to which 
they watch television together with their parents, if there is parental control during the use of the 
internet, their interests, and the ways they make best possible use of their leisure time. 

The classification of the interests of pupils resulted after the application of the Friedman test. 
After the application (N=412 Chi-Square=429.818 df = 6 Asymp. Sig = 0.000) (Figure 1) and with 
the co-efficient a-Cronbach being 0.771, we see that the main subject of the multidisciplinary 
variable "interests of pupils" is *Entertainment / Pleasure" with a mean rank of 4.86. Second in the 
classification of interests is “personal matters", then “athletic matters" while fourth is “educational 
matters related and unrelated to school". 

With regard to making the best possible use of their time 69.6% declare “much” to “very 
much" pleased from the way they make the best possible use of their leisure time while 26.796 of 
them seem to be “fairly” satisfied from their choices. Only 3.7% of the pupils declare that they are 
"little" to “not at all” satisfied from the way they make the best possible use of their leisure time 
(Table 1). 
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Figure 1. Application of Friedman test regarding the interests of pupils. 


Table 1. Percentage analogies regarding pleasure from best possible use of leisure time. 


Percentage (96) 


Not at all 1.0 
Little 2.7 
Fairly 26.7 
Much 27.9 
Very much 41.7 
Total 100.0 
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Figure 2. Application of Friedman's test regarding the best possible use of leisure time. 
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The next subject investigated was the preferences of pupils regarding activities in their leisure time. 
In order to make possible the classification among preferences and to find out if there is statistical 
difference among differences, the Friedman test was applied. However, before the application of 
Friedman's test the co-efficient a-Cronbach was extracted which was 0.678. According to the 
results of the above test (Friedman test: N= 412 Chi-Square= 809.65 df = 10Asymp. Sig = 0.000) 
(Figure 2), it was found that “games with friends or siblings” is the first choice of preferred activity 
regarding making the best possible use of the leisure time of pupils, with a mean rank of 9.05. The 
second choice is "participation in various associations", while in the third and fourth choice we 
have “surfing in the internet" and “watching television". 


Table 2. Percentage analogies regarding choice of leisure time activities. 


Percentage (96) 


Your parents 1.9 

By yourself 50.5 
Your parents and you together 47.6 
Total 100.0 


According to table 2, which refers to the person /persons who chooses/choose the activities of the 
pupil, it was observed that 50.5% of the pupils decide “by themselves" for their activities while 
47.6% declares that they decide jointly with their parents on the best possible use of their time. For 
a very small percentage, i.e. 1.996, it is the children's parents who decide for their activities. Only 
3.9% of pupils declare that their parents “always” participate in their activities, 65.0% think that 
their parents participate "sometimes" and almost one to three pupils (31.1%) declare that their 
parents "never" participate in their activities (Table 3). 


Table 3. Percentage analogies regarding participation of parents in the activities of pupils. 


Percentage (96) 


Always 3.9 
Sometimes 65.0 
Never 31.1 
Total 100.0 


Table 4. Percentage analogies regarding joint viewing of parents-pupils. 


Percentage (96) 


Always 17.2 

Sometimes 80.1 

Never 2.7 

Total 100.0 
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Table 5. Percentage analogies regarding supervision of pupils during their use of the internet. 


Percentage (96) 


Always 7.0 

Sometimes 49.3 
Never 43.7 
Total 100.0 


The viewing of television programs jointly with parents is done only by 17.2% of the pupils while 
80.1% think that this is happening “sometimes” (Table 4). Only 7.0% of the pupils declare that they 
"always" surf in the internet in the presence of their parents, 49.396 think that this is happening 
"sometimes" and, finally, 43.7% of the pupils declare that the parents "never" supervise them 
during their use of the internet (Table 5). 

Subsequently, categorical regression was applied in order to investigate whether the pupil's 
sex, the pupil's grade, the father's and mother's profession as well as the educational level of the 
father and mother impact the participation of parents in leisure time activities, joint viewing of 
television by parents and pupils and parental control of surfing in the internet. 


Table 6. Categorical regression results in relation to whether or not parents participate 
in the activities of the pupil during their leisure time. 


Standardized Coefficients 
Beta Bootstrap (1000) F Sig. {importance 
Estimate of Std. Error 
Sex of pupil -0.030 0.049 0.376 0.540 0.009 
Grade 0.101 0.049 4.224 0.041 0.135 
Father's profession 0.089 0.049 3.296 0.006 0.095 
Mother's profession -0.096 0.052 3.462 0.002 0.095 
Father's educational level -0.279 0.061 20.895 0.000 0.652 
Mother's educational level 0.149 0.063 5.619 0.000 0.014 


Table 6 presents the results of categorical regression with the dependent variable being the 
participation of parents in children's leisure time activities. The independent variables are the 
individual characteristics of the pupil and his parents. The standardized regression coefficients of 
the independent variables show that the participation of parents in the activities of their children is 
influenced more by the variables mother's profession, father's profession and mother's educational 
level and grade. The removal of variables which present a high value F weakens the model while 
the impact of removal of the variable sex on the predictability of the model is negligible. In 
addition, the measures of relative importance of the independent variables show that the variables 
father's profession (65.2%) and grade (13.5%) have greater impact on the dependent variable. 
During the transition from lower to higher educational levels of fathers we see greater participation 
in the activities of the children while the opposite happens with the educational level of mothers, i.e. 
the higher the educational level of mothers the smaller the participation in leisure time activities. 

In the case of the dependent variable, of parents and children jointly watching television (Table 
7), from the standardized regression coefficients we see that this is affected more by the variables 
mother's and father's profession and mother's educational level. The measures of relative 
importance of the independent variables show that the variables father's profession (36.9%), 
mother's profession (32.196) and educational level of mother (31.096) have greater impact on the 
dependent variable. The signs of the standardized regression coefficients and the transformation 
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diagrams of each variable, for the professions of both fathers and mothers, show that the more a 
profession is characterized by fixed working hours, e.g. profession of servants and mainly public 
servants, the more these people watch television together with their children. On the other hand, we 
see that as we go up the mothers' educational levels the amount of joint television viewing is 
decreasing. 


Table 7. Categorical regression results in relation to parents and children 
watching television together. 


Standardized Coefficients 
Beta Bootstrap (1000) F Sig. Importance 
Estimate of Std. Error 
Sex of pupil 0.088 0.049 3.231 0.073 0.128 
Grade -0.028 0.049 0.332 | 0.565 0.019 
Father's profession 0.149 0.049 9.170 | 0.000 0.369 
Mother's profession 0.143 0.050 8.265 0.000 0.321 
Father's educational level -0.063 0.055 1.281 0.258 0.000 
Mother's educational level 0.102 0.056 3.370 0.019 0.163 


Table 8. Categorical regression results in relation to whether or not the child 
when surfing in the internet is under the supervision of parents. 


Standardized Coefficients 
Beta Bootstrap (1000) F Sig. Importance 
Estimate of Std. Error 
Sex of pupil -0.042 0.049 0.720 | 0.397 0.011 
Grade 0.067 0.049 1.886 0.170 0.062 
Father's profession 0.141 0.050 8.074 0.000 0.240 
Mother's profession -0.106 0.051 4.417 0.000 0.125 
Father's educational level -0.229 0.066 12.209 | 0.000 0.250 
Mother's educational level 0.251 0.065 14.715 | 0.000 0.310 


Finally, with regard to the dependent variable of parental control concerning surfing in the 
internet (Table 8), from the standardized regression coefficients of the independent variables it is 
found that parental control regarding surfing in the internet is not affected by the variables, sex of 
pupils and grade. The measures of relative importance of the independent variables show that the 
variables mother's educational level (31.0%), father’s educational level (25.0%), father's profession 
(24.096) and mother's profession have greater impact on the dependent variable. The signs of the 
standardized regression coefficients and the transformation diagrams of each variable for the 
professions of fathers show the more a profession has fixed working hours the more the fathers 
engage in joint television viewing with their children. The opposite happens with regard to mothers. 
Finally, there is a contradiction on the issue of parental control with regard to surfing in the internet 
which is due to the educational level of the father and the mother. In particular and with regard to 
fathers as we go up the educational levels the more the parental control regarding surfing in the 
internet while the opposite happens with regard to mothers. 
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4. CONCLUSIONS AND DISCUSSION 


The aim of this paper was to investigate the issues which directly or indirectly affect how pupils of 
elementary schools make the best possible use of their time. This was achieved: the analysis which 
was carried out identified all the factors which can possibly improve the existing situation and 
constitute a valuable tool for the educational community. 

The majority of the pupils are satisfied from the way they make best use of their leisure time 
while the parents play an important role in the shaping and management of leisure time. The parents 
themselves participate, supervise the use of television and internet and advise their children on the 
type of activities they should choose. With regard to the type of activities pupils prefer in their 
leisure time, playing with their friends or their siblings is the most important activity, which is 
something which strengthens the social nature of man and his tendency to seek companionship for 
purposes of communication and entertainment [16]. An activity which also seems to be important is 
participation in academies or athletic/cultural/social associations which can also be explained on the 
grounds the previous one was. The viewing of television and the use of the internet are not among 
the first preferences since they are individual and less interesting activities for pupils. As 
Koumentos [17] points out children with out of school interests spend fewer hours watching 
television in relation to children who do not engage themselves with other activities. At the same 
time, the main interests of pupils of this age are found to be entertainment, pleasure and various 
personal matters relating to their family and friends. The natural environment is not among the main 
interests of pupils despite the education they receive from the school on this issue. 

Finally, with regard to making the best possible use of leisure time but also the daily habits of 
pupils, these are examined separately from parents. They are also influenced more by the profession 
of the parents and less by the educational level of parents while they are not at all affected by the 
sex and age of the pupil. The results from the non-rational use of leisure time do impact the 
personality of the child originally in the school and then in society. Thus, teachers are the first to 
find out but also experience the consequences of the above problem and also deal with these 
consequences. Therefore, the use of the results of this research paper may prevent or rectify 
undesirable situations which in different circumstances may have irreversible effects. 
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Abstract 


In the last two decades the concept of sustainable development (SD) has been attracting intense 
interest around the globe with the focus the adoption of a daily routine and connecting 
environmental decisions to social, political and economic factors. Universities should probably be 
front-runners into analyzing the importance of an SD policy, due to the fact that they cultivate the 
future leaders and decision- makers. There is a lack of clarity on how each institution defines SD 
and how the related policy is incorporated into their daily routine. On the basis of the conventional 
terminology, the "Green" only specifies the environment, while SD indicates environmental, 
economic and socio-cultural aspects. In terms of putting it into practical action there is a major 
difference between being Green and having an SD policy in effect. This research focuses on the 
Greek Academic Institutions in order to find out how close to being actively Green the universities 
are. 


Keywords: green universities; sustainable development policy; Greek universities; Greece 


1. INTRODUCTION 


1.1 Definition of SD 

Nowadays the world is confronting a civilization crisis, which is leading to an intimidating 

future. One of the biggest national and global challenges that people will have to deal with in the 
near future is that they will have to espouse a more sustainable way of life [1]. 
Definition of SD: The general features of SD associate environmental perceptions with social and 
economic growth [2,3,4,5,6]. The most distinguished definition of the term SD is written by Brundtl 
in his report with the title ‘Our common future’: ‘Sustainable development is development that 
meets the needs of the present, without compromising the ability of future generations to meet their 
own needs' [7]. The dynamics and manifestations of SD vary depending on the scenario that 
we find it in. Therefore the meaning of SD is constantly being adjusted, causing some confusion 
[2]. The term sustainability (SD), is used by many groups even with conflicting interests and 
radically different ideas [8]. 

According to the ‘Framework for the UNDESD International Implementation Scheme’ [3] 
there are three main dimensions (environmental, social and economic), in relation with education 
and learning for SD: 

e Socio-cultural perspectives: human rights, peace and human security, gender equality, cultural 
diversity and intercultural understanding, health, HIV/AIDS and governance 

e Environmental perspectives: natural resources (water, energy, agriculture, bio-diversity), 
climate change, rural development, sustainable urbanization and disaster prevention and 
mitigation 

e Economic perspectives: poverty reduction, corporate responsibility and accountability in the 
market economy [3]. 
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Sustainable Development aims to maintain economic progress along with the protection of the 
long-term environmental value. The above aim can be achieved through the integration of 
environmental policies and development strategies [7]. 


1.2 SD policy at universities 

The Universities as leaders of new and innovative practices provide a basis for systematic initiatives 
and actions by establishing Sustainable Policy [9]. According to Ciferri and Lombardi, Policy 
Development and strategy need to encourage a new way of thinking through the educational system 
[10]. The areas that could be included into the framework policy at university level according to 
Lozano [11] are the following: Research, Campus operations, curricula, community outreach, 
assessment and reporting, University collaboration, installing SD in the daily campus experience 
(education and educators) and generally installing SD into the institutional framework. Each of 
these areas is a part of a common policy framework, but some areas in order to be more effective 
should apply sub-policies. Institutional framework must insure that sub-policies don't lead to the 
fragmentation of the general process, but should work as a unified component in order to achieve 
the integrated view of SD. 


1.3 Importance of implementing SD into university level 


1.3.1 A rising importance of implementing SD into universities through the decades 

The first official declaration that was made by university administrators and which established the 
commitment to environmental sustainability in higher education was the Talloires Declaration in 
France in 1990. At the Rio Summit in 1992, the urgency of promoting education, public awareness 
and training was highlighted: "Education is critical for promoting Sustainable Development and 
improving the capacity of the people to address environment and development issues" (Chapter 36 
of Agenda 21). Chronologically the next declaration which influenced higher education to include 
sustainability in education and in general activities of the citizens was the Kyoto Declaration of 
1993, which was also approved by 90 universities from all over the world [12]. This idea was 
furthermore supported globally by UN initiatives, with the most important the current Decade of 
Education for Sustainable Development (2005-2014). The aforementioned declarations have been 
nationally executed, through legislation [13,14], government policy [15], government funding of 
Higher Education initiatives [16] and through partnerships with non-governmental organizations 
[15,17]. 

Another notable declaration that should be mentioned is the biggest United Nations (UN) 
conference, which took place in Rio de Janeiro in June 2012 and which was followed by 46,000 
delegates and a further 50 million people taking part through live streaming and social media. The 
outcome document of Rio+20 conference was titled “The future we want’ and acknowledges the 
significance of 'education at all levels', by encouraging institutions to embrace good practice by 
adopting a way of teaching based on sustainable development integrating components across 
disciplines, and by undertaking research in this area. 


1.3.2 Importance of implementing SD in Universities as significant social actors 

Universities as critical social multipliers must develop their role much stronger as models for 
society in the pursuance of sustainability. Furthermore, by the conservative use of resources, 
universities offer a professional initiative that saves money and safeguards reputation [18]. 
Universities are key places for progressive action to address this global issue within current and 
future generations by graduating world leaders in research, innovation, and education [19]. The core 
factors that make universities remarkably responsible for SD are their academic freedom and the 
effect they have on society [20]. 
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1.4 Difference (misunderstanding) between university with SD policy and greening the 
campus 

Many Universities call themselves “Green”, but it takes more to have a University with a real SD 

Policy. 


1.4.1 How does a “sustainable university" look like? 

In general terms, a university consciously choosing the path of sustainable development would 

exemplify the following principles: 

= Clear articulation and integration of social, ethical and environmental responsibility in the 
institution's vision, mission and governance; 

= Integration of social, economic and environmental sustainability across the curriculum, 
commitment to critical systems thinking and interdisciplinary approach, sustainability literacy 
expressed as a universal graduate attribute; 

= Dedicated research on sustainability topics and consideration of “quadruple bottom line" 
sustainability aspects in all other research; 

* Outreach and service to the wider community, including partnerships with schools, 
government, non-governmental organizations and industry; 

= Campus planning, design and development structured and managed to achieve and surpass zero 
net carbon/water/waste, to become a regenerative organization within the context of the local 
bioregion; 

= Physical operations and maintenance focused on supporting and enabling “beyond zero" 
environmental goals, including effective monitoring, reporting and continual improvement; 

= Policies and practices which foster equity, diversity and quality of life for students, staff, and 
the broader community within which the university is based 

= The campus as a “living laboratory" — student involvement in environmental learning to 
transform the learning environment; 

= Celebration of cultural diversity and application of cultural inclusivity; and frameworks to 
support cooperation among universities both nationally and globally. 

There is a lot of ambiguity in the concept and the agenda of 'green' university. For example, 
having built one showcase green building is by far different from having a university committed to 
build only green buildings across campus-the first is a project success, the latter a systemic 
conversion [20], which is more advisable for sustainability. Universities are in a position to 
embrace sustainable/green university strategies, which would eventually establish sustainability 
principles [21]. 

"Campus greening" has become mainstream, and this is something to be concerned about 
[22]. Therefore, it is now common to see in most universities worldwide, innovative examples of 
environmental actions such as: green building design, recycling and reusing, energy efficient 
lighting, water conserving fittings and public conveyance initiatives. 


1.4.2 How sustainable university projects are different from greening the campus programs 
Greening the campus programs requires a multi-stakeholder approach, while SD projects rely on 
trans-disciplinary research partnerships. “Green University" does not only focus upon the ecological 
aspects of sustainability but also on other aspects such as research and development, education, staff 
rewards, etc. Although there is growing attention and action on sustainable development in higher 
education, there is no clear definition of "Green University". 

Many institutions establish campus greening initiatives, such as environmental education 
programs/courses and conducted environmental research in addition to their existing academic 
activities in response to calls for higher education to lead society towards sustainable development. 
The factors that structure a “Green University" can be broadly grouped into seven categories, i.e. 
management systems, environmental sustainability, sustainable curricula, research and develop- 
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ment, staff development and rewards, student opportunities and social responsibility. Higher 
Education Institutions (HEI) struggle to provide a holistic approach to cover the full range of 
operating one university and show the superiority of action mix over single measures. While 
valuable, this could only be considered a first step [1,23,24]. Besides physical projects, such as 
wastewater recycling and source separation for solid wastes, green education and research activities 
should also be incorporated into the overall action plan so that all the stakeholders can improve their 
awareness and actively participate in various efforts. 


1.5 Factors influencing the implementation of SD 

According to Amaral, Martinsand Gouveia [25], “despite the fact that operational initiatives can be 
seen as worthy examples of sustainable practices, they cannot by themselves be a guarantee of 
campus sustainability. They lack a systematic and continuous quality improvement approach that is 
the core of the standardized management systems". However, changing attitudes and behavior is a 
difficult and complex task. Recent research findings suggest that it takes more than just information 
dissemination to influence and change attitudes [9]. 

Incorporating sustainability into a university system presents challenges regarding its 
education, research, operations and outreach dimensions [26]. These challenges and opportunities 
are factors that influence the activation of an SD policy. The ones that are investing into Education 
SD have recognized that their role is not only to educate future societal leaders, decision-makers, 
and intellectuals, but that they themselves should be learning organizations practicing sustainability 
in education, research, outreach and campus facilities management [1]. Lack of information on 
environmental problems may be a major obstacle during environmental policy applications, which 
in turn deprives the university community from experiencing the benefits deriving from 
environmental management initiatives [27]. 

Resistance to change is another factor that influences application of an SD policy at a 
university. Academic freedom, the tradition of criticism and tenure, common cultural characte- 
ristics at universities, maneuver change and resistance to SD. It is not unusual to have senior 
academics whose academic futures are assured, accustomed to influence and prestige not to 
embrace or want change. However, a good number of junior academics strive to achieve 
acceptance, innovation and new ways of working. Change in universities is strongly connected to 
organizational politics. Recognition of related barriers helps identifying the types of action needed 
to ensure successful change efforts and implementation of sustainable development policy [28]. 


2. METHODOLOGY 


2.1 Research area 
In order to gain a comprehensive view of the prevailing situation in HEI’s in Greece, we conducted a 
survey in which we attempted to investigate how close to being “Green” the Greek universities are. 


2.2 Research instruments 
This research was based on a series of questions, which in the first instance was investigated 
through the sites of each university as the first step of our research and the second level was the 
confirmation of the data collected by the rector authorities. 

Once we collected the data, we proceeded to classify it according to the type of questions and 
then we correlated the results by using the SPSS program. 


2.3 Research sample 


The research was conducted nationwide. More specifically, it concluded all Higher Academic 
Institutions of Greece, which are 23 in total. 
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3. RESULTS 


The results revealed that 26% of Greek universities have institutionalized SD Policy. And 65% of 
the participants stated that their university has procedures for campus greening (e.g. energy saving 
programs, waste prevention and/or management schemes, environmentally friendly dormitories, 
etc.). In the question related to whether the sampled university has procedures for the integration of 
sustainable development (SD) issues in the curriculum, the results showed that 83% do. When 
asked if they have a systematically established SD network to link up staff, 4896 of them gave 
positive answers. Also on the question assessing if they have procedures for training of staff on 
matters related to SD (e.g. formal series of seminars, guest lectures, courses, etc.), 6596 answered 
yes. Thirteen percent of the participating universities stated that they have official procedures for 
SD considerations in purchases, contracting, catering and other services. The percentage of 
universities having official procedures for students' engagement on matters related to SD is 5296. A 
total of 6196 of the participating universities responded that they have official procedures for joint 
SD activities with local actors (e.g. NGOs, municipality, regional government, etc.). Finally, 3996 
of universities have official procedures for international SD networking. 


4. CONCLUSIONS 


Out of the 23 universities in Greece, there was a response from 17 of them. Lack of information on 
environmental problems may be a major obstacle during environmental policy applications, which 
in turn deprives the university community from experiencing the benefits deriving from 
environmental management initiatives [27]. 

The assessment of data revealed that as regards to environmental policy, there is no correlation 
with the green campus procedures (Pearson Correlation 0,378). This result confirms that although 
no SD policy applies to the majority of institutions, they are recoded as green campuses based on 
procedures that give them the green labeling. 

The investigation revealed that only 30% of Higher Education Institutions have 
institutionalized SD policy approved by their Senate. In contrast, the majority of universities 
(drawing from those not having SD policy) have established some kind of green procedures 
(Pearson Correlation 0,378). Analysis of the type of green procedures shows that SD training is 
seriously missing. Correlation with the student engagement is observed in the analysis of this work. 
The extent to which universities prepare students to be able to integrate social, environmental and 
economic considerations in future decision-making influences the implementation of a campus 
sustainable development policy [11]. 

Finally this research shows that SD policy is correlated with international SD networking 
(Pearson Correlation 0.504), demonstrating that the very small number of universities that offer SD 
policy present an interface with global trends such as institutions with international standards for 
sustainability. These global trends in turn affect even the universities that implement green campus 
procedures, without necessarily having institutionalized SD policy. 

In sum, we came to the conclusion that the environmental intentions of the universities seem to 
be promising. Nevertheless, the application of a sustainable development policy is still far from 
realized. 
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Abstract 


Nowadays, many researchers have proved that environmental summer camps could help children to 
become acquainted with nature and develop environmental values. This paper aims into analyzing a 
comprehensive thirty-day environmental summer camp- its operations and effectiveness in 
promoting responsible citizenship behavior. The instructional program is aimed at children between 
6 to 13 years old, residing on Greek islands. This review examines an environmental summer camp 
on the island of Skyros, as a case study. The study incorporates participant survey data; interviews 
will be conducted with the attendees. The change of knowledge and environmental awareness, prior 
to and at completion of this summer camp, will be assessed. The goal of this project is to develop an 
environmental educational program that would be delivered as a summer camp and design the 
evaluation tools that would assess its effectiveness into shaping children's environmental behaviors. 


Keywords: environmental summer camp; Skyros Island; Greece 


1. INTRODUCTION 


Since the 18th century the relationship between nature and man has changed its core, as humans and 
technological innovations have been in obvious contrast as far as what is acceptable to waste or use 
from energy resources. Nowadays, the natural environment is used as a deposit of wastes for the 
satisfaction of the ever-growing human needs. Therefore, the first signs of the modern ecological 
crisis can be observed [1]. 

As long as the environmental degradation of the planet continues to be an issue, the quality of 
human life is bound to deteriorate [2]. The need for radical change in the relationship between 
nature and man is now imperative. Furthermore as the capitalistic/consumer theory spreads over the 
world, we are now facing the crucial point where superficial and temporary solutions will not be 
enough to fix the ecological crisis to its root. According to Sterling (1996) [3] education is not just 
part of the solution, but it's also a big part of the problem. Also Sterling tried to bring to light the 
complications and problems that can be caused due to lack of the education. 

If real sustainability is to become increasingly meaningful and mainstream, rather than 
devalued and marginalized, education in all forms and in all sectors has a vital role to play. But this 
requires fundamental change in education. 


1.1 Forms of education and their role 

Today, education is provided in three different interdependent forms: formal education, non- formal 
education and informal education. Formal education takes place within the formal education system 
(kindergarten, school, university and other schools) and leads to certified knowledge according to 
the educational grade the participants are at. Informal education refers to lifelong learning with 
which a person acquires attitudes, values, skills and knowledge through everyday experience and 
through the educational influence of their environment. Finally, non-formal education refers to 
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every organized educational process that takes place outside of the formal system and functions as a 
part of a bigger process that aims to achieve certain learning goals and educational objectives [2]. 


1.2 Environmental education (EE) 

According to the definition, given by UNESCO in 1978 at the Conference in Tbilisi, environmental 
education (EE) is the process of shaping a global population, which should be informed, interested 
in the environment and its issues, and have the knowledge, skills, attitude and will to work, as much 
alone as collectively, on solving the current environmental issues and preventing the appearance of 
new ones [4]. 

In order to achieve a satisfying deepening in environmental education, it is necessary to 
connect it to all three forms of education. Formal EE is being developed solely within the confines 
of the educational system (infant, primary, secondary and higher education) and is defined by the 
obligatory presence of the parties involved placed in learning groups according to their 
characteristics, such as age and level of education [2]. On the other hand, informal EE is a form of 
lifelong learning. During this process people come in contact with the process, clearly voluntarily, 
purely by their own choice. Informal EE is not confined by time or space and includes the 
transmission of environmental information through the media, the internet and all social contacts. 
Very often we use the term environmental communication [2]. 

Finally, non-formal environmental education, which is what we will focus on most in this 
paper, is the kind of intentional education that aims to developing environmental skills and 
attitudes, as well as, environmental ethos [5]. The main pillar of non formal EE, is the 
interpretation of our heritage. According to Freeman Tilden, father and creator of the interpretation 
of our heritage, “Heritage Interpretation" is an educational activity, which aims to reveal meanings 
and relationships through the actual use of the surrounding environment, by firsthand experience 
and by illustrative media, rather than simply to communicate factual information [6]. It is important 
to note that in order to complete EE successfully the aforementioned three views would have to be 
combined. 


1.3 Responsible environmental behavior 
By promoting responsible environmental behavior, we can develop the bases for the active 
participation of citizens of each local society in environmental issues. By the term active 
participation, we refer to the participation of citizens in the process of decision-making concerning 
such issues. It must be noted that in order to drive citizens into active decision-making participation, 
they need to have an informed opinion on the environmental issue of concern, something that can 
only be achieved which could be achieved with proper environmental education/ briefing [2]. 
Environmental concern and the resulting environmentally responsible behavior are affected by 
a complex interaction of attitudes, beliefs and socio-demographic variables. In an effort to detect, 
which characteristics make citizens participate in the protection and restoration of the environment, 
several researchers have attempted to develop models and techniques for assessing responsible 
environmental behavior and have shown how a behavioral manipulation of many variables can 
result in people's participation in desirable environmental behaviors [7]. The greatest challenge for 
environmental education is to create, educate and activate motivated, conscious and committed 
students who behave in a consistently pro-environmental manner. The education about the 
environment aims not only to increase educational knowledge of the individuals but also to translate 
the positive attitudes about the environment into successful behavioral characteristics [7]. A 
knowledgeable, skilled and environmentally active citizenry is vital in resolving the environmental 
issues our planet is facing. Since most environmental issues are surrounded by great ubiquity, 
reaching a solution is difficult. Environmental literacy does not just happen, it requires a united 
effort by all those concerned with education to use all relevant information in order to develop and 
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deliver the right programs and materials to those who are trying to influence through environmental 
behavior tactics [8]. 


1.4 Active participation 

Living in a democratic country everyone has the power to decide on issues affecting the quality of 
his life, meaning that he has the right to influence the decisions connected to his everyday life. 
Regarding the decision-making processes on environmental issues public participation seems to 
have the greater significance of all [9]. 

Since 1969 the participation in environmental decision-making has been a part of the national 
agenda National Environment Policy Act (NEPA) in the United States. Subsequently, through 
international forums, such as the United Nations and the World Bank, the movement to involve 
citizens in environmental policy has spread to other countries as well. Simultaneously, an increasing 
focus on matters of public participation had been led by controversies over a wide variety of 
environmental issues, like natural resources management, land use, environmental justice and 
climate change. The goal of participation is to improve the quality, legitimacy, and capacity of 
environmental assessments and decisions [10]. 

Therefore, it is becoming perceptible that the active participation of citizens in the 
environmental issues of concern is the best way to deal with arising problems. Every citizen can 
participate on the protection of the environment, individually or in groups, through organizations 
either with a well-structured legislative frame or without one [2,11]. Also the participation gives the 
right of opposition in any decision and especially if it has been taken in the bodies of relevant 
administration. A governmental decision is not legalized and successfully enforced without the 
support of citizens. However, when citizens do not react in the decisions that do not agree with, it is 
recorded as a silent approval of the decision in question [2]. 


1.5 Outdoor environmental education 

Increasing environmental knowledge level, promoting favorable environmental attitude, enforcing 
environmental awareness, changing environmental behavior, supporting active participation in the 
solution of environmental problems etc., are varied outputs, named as ‘elements of environmental 
literacy’, that bring about different approaches in environmental education [12,13,14,15,16,17]. 
Outdoor Environmental Education (OEE) is one of the ways of succeeding environmental literacy 
[12,18]. Within OEE, the natural environment is used as real conditions hands on laboratory. It has 
been found that nature-based outdoor education programs are effectively improving environmental 
awareness and sensitivity towards the natural environment. The OEE is supported by the 
Environmental Education and Training Partnership and is not just a fun type of program, but it is 
based on solid educational structure and concrete theory [12]. 

Recently outdoor education has become an important teaching method in order to increase 
environmental awareness. OEE focuses on first hand experiences outside the classroom walls, with 
the aim of achieving better understanding of complex environmental relationships and sustainable 
development. Having knowledge and being aware of environmental problems are important skills in 
order to understand the complex environmental relationship [19]. 


1.6 Environmental education in Greece 

In Greece formal environmental education in the mandatory grades of education (primary and 
secondary) hasn’t fully reached the desired results on a responsible environmental behavior of 
participating students. 

In summer of 2015, an environmental campaign program was designed and delivered at the 
island of Skyros, from the Research Center of Environmental Communication and Education, of the 
Department of Environment at the University of the Aegean. During its first year operation, an 
environmental camp for children was also offered to the local community children. The project was 
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known as SKYROS 2015 and it is going to be repeated this summer as well as SKYROS 2016 
project. 

The purpose of this paper is to analyze the operation set up and the effectiveness in promoting 
responsible citizenship behavior, of a thirty day environmental summer camp on the island of 
Skyros under the project SKYROS 2016. In addition to this, it is going to assess the change of 
knowledge and environmental awareness, prior to and at completion of this summer camp. The 
main goal of this project is to develop an environmental educational program that could be 
delivered as a summer camp. In the objectives is to also design the evaluation tools that would 
assess its effectiveness into shaping children's environmental behaviors. 


2. CASESTUDY: PROJECT SKYROS 2016 


The Project “Skyros 2016" following the footsteps of the prior year's similar and multi awarded 
program is based on a successful cooperation between two governmental organizations, the 
University of the Aegean and the Skyros Port Fund. The geographic area that talks place is at the 
Linaria Port of Skyros Island, a boutique port that has been assessed as the best one of its category 
in Greece. 

This year's program, Skyros 2016, similar to the last year's one, consists of a group of 
researchers from the Research Center of Environmental Communication and Education of the 
University of the Aegean, that aims to best implement a comprehensive environmental campaign 
focusing at disseminating information and raising environmental awareness. It includes 
environmental campaigns targeted at citizens, tourists, boat passengers and children, providing 
printed information about the biodiversity of Skyros. A Tourism Observatory has been set-up as 
well as an environmental camp. The environmental activities include overseeing that the Linaria 
Port is clean and well taken care of. Various outdoor activities in collaboration with the Port Fund 
of Skyros are going to be organized in order to attract residents and visitors environmental interest. 


2.1 Environmental summer camp 

Based on a well-prepared schedule, children are going to be confronted with various environmental 
issues during the 6 weeks that the summer camp will last. Firstly they are going to be introduced to 
the unique environmental treasure of the island of Skyros, namely its biodiversity, the flora and 
fauna of the region, the endangered species and some of the environmental problems that the island 
is facing. Then they are going to learn about global environmental issues, such as food chain, 
biodiversity concerns, water cycle, water pollution, air pollution, endangered species, climate 
change, greenhouse effect, forests, forest fires, natural disasters, floods, droughts, earthquakes, 
litter, energy, renewable energy, non-renewable energy, recycling etc. 


3. METHODOLOGY 


The research area is the island of Skyros, and specifically the port of Linaria. The small tourist port 
of Linaria is considered a key port, with a high tourist interest. In the last ten years, it has generated 
lots of attention and is presented as the most complete and friendly public port in the country, with 
arrivals in the tourist haven, showing an increase of 479% [20]. 

The tourist port of Linaria has adopted a new way of sustainable approach to the management of 
its environmental impact, without spending lot of its limited financial resources [20, 21]. For its 
adoption of strict environmental standards, the Linaria Port has been awarded a silver award in the 
Management of Solid and Liquid Waste. Also, a series of innovative measures, such as the 
establishment, construction and waterways, the use of electric bicycles and the collaboration with the 


13^ International Conference on Protection and Restoration of the Environment 1027 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 
ISBN: | 978-960-6865-94-7 


University of the Aegean, resulted in intense public interest in the innovative activities of the small 
port of Linaria, at Skyros Island, increasing this way the environmental support from citizens [20]. 

The research sample will be local children, aged 6 to 12 years old. The data will be collected 
through personal interviews with each child individually. The interviews will be held before the 
camp starts and after its end. Two questionnaires tailored to the specific needs have been put 
together in order to address and assess the understanding of environmental issues. The participants’ 
attitudes and environmental behavior would also be evaluated. 

Questionnaire number one is composed of 58 questions. They were selected after an extensive 
literature search. [22,23,24,25,26,27]. The first 4 questions inquire demographics information (e.g. 
gender, age, educational class). The next 30 questions will assess the children's knowledge on local 
environmental issues, such as local biodiversity, endangered species of their region etc., and global 
environmental issues as well, such as climate change, global warming, greenhouse effect, air 
pollution, biodiversity, water cycle, extinct species, endangered species etc. Subsequently, the next 16 
question are going to assess whether or not children have environmental friendly attitude and the last 
8 questions are going to give some data about their environmental behavior and their willingness to 
participate in activities to protect the environment or to influence the decision-makers. 

The final questionnaire consists of 66 questions [22,23,24,25,26,27]. The first 5 of them will be 
about demographics' information (e.g. gender, age, educational class). The next 29 questions are 
going to assess the changes on children's knowledge on local environmental issues, such as local 
biodiversity, endangered species of their region etc., and global environmental issues as well, such 
as climate change, global warming, greenhouse phenomenon, air pollution, biodiversity, water 
cycle, extinct species, endangered species etc., after the participation to the summer camp and the 
rest 20 questions are going to evaluate the changes on their attitude. The last 12 questions are going 
to give data about the changes on children's environmental behavior. 

Some of the teaching methods that are going to be used are lecture, brainstorming, simulation 
and modeling, outdoor education, field study, environmental walks and field games. This project 
anticipates favorable results on children's knowledge, attitudes and environmental behavior. 

So, children will hopefully turn into active citizens and will eventually participate as adults in 
the environmental decision-making processes. They will get to rethink their preexisting views and 
behavior with different criteria and only then they will fully understand the environmental issues of 
concern [28]. 

Participating children will get involved in activities that will take place, preferably, outdoors, 
where learning is more fun and tangible, since there is a direct connection to nature. Field study, 
environmental walks and field games are three ways through which children will come in touch 
with nature. During field study, children aim to observe, calculate, analyze process and interpret the 
elements they gather, present their results, express their opinions and suggest actions in order to 
solve the problem or issues that they are studying [29]. 

With Field games children are going to learn how to play outdoors and experience an 
adventure. Also they will learn how to research and how not to lose their interest through nature. 
Additionally they will be taught how to interact with each other. All these ways will help them 
create a beautiful relationship with nature, with a higher desire for active participation in 
environmental issues [30]. 


4. DISCUSSION AND CONLUSIONS 


The environmental summer camp of the project Skyros 2016 is a way to deepen in some important 
environmental issues that the planet is facing and to channel them to children. Through the project 
"Skyros 2016" and especially through the environmental camp, it is aimed to sharpen the 
children’s’ curiosity over the way the environment functions, by supporting activities tailored to: 
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e Transmit and foster environmental knowledge at a young age; 

e Motivate to solve environmental issues; 

e Increase active environmental participation at their port of Linaria, and the rest of the Island; 
e Understand potential environmental consequences due to their acts; 

e Come in touch with nature though all their senses. 

All the activities will aim to support everyone to understand the importance of the interactive 
relationship between man, natural and social environment. The priorities have to do with promotion 
of an environmentally ethical code of behavior. The ultimate goal is to give everyone the right of 
environmental choice through the responsibility of rightful participation. 

One of the objectives of project “Skyros 2016" is to give the spark for the creation of a new 
society, environmentally conscious and responsible for its acts. An environmentally sensitive 
society is one that has knowledge and skills to solve environmental problems. This project is an 
effort to make children comprehend that they are part of nature's ecosystem. Therefore loving and 
protecting the environment means that they respect their own life. The process of learning is a 
life long process that should never stop or be interrupted for no reason [31]. 
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Abstract 


In our days, it is a fact that Environmental Education (EE) projects in Greek schools face many 
organizational and institutional problems, although they have been introduced into the Greek 
educational system, almost three decades ago. This survey elaborates on the practices of EE that 
educators use in Greece, through a case study, which would take place at Skyros Island. A thorough 
literature review took place and the concept of civic ecology was compared to the outmost goal of 
EE. The research was carried among teachers at Skyros island schools. The methodology used was 
interviews, based on questions that extrapolated information on teachers' knowledge, attitudes and 
behavior on environmental issues. Furthermore, the teachers' personal perception on the validity of 
the on going environmental education school projects was assessed. Substantially, this research 
focuses on educators' opinions on EE and their willingness to participate in environmental projects. 


Keywords: educators; environmental education practices; Skyros Island; Greece 


1. INTRODUCTION 


The global environmental degradation, caused by human activities, is increasing rapidly. However, 
environmental issues such as climate change, global warming, sea level rise, air pollution etc., 
affect both developed and developing countries. Environmental degradation is considered to be a 
very difficult task to deal with [3]. In order to stop the progress of degradation and find solutions to 
environmental threats, an optimal and sustainable relationship between human race and the 
environment must be built. To prevent further damage to the natural ecosystem, it would be 
necessary to produce environmental stewards capable of making knowledgeable and conscientious 
decisions regarding the environment [21]. Consequently, the education of the communities is the 
most effective way to achieve this target [1]. Children, as the future generation of decision makers, 
should receive proper education to prevent further environmental damage [7]. 


1.1 Environmental Education 

Environmental Education (EE) is a process that provides the chance and the opportunity to 
individuals to learn about the environmental issues the planet is facing worldwide. It enables active 
participation of those who wish to participate in the solution of environmental problems. EE 
introduces participants to measures that could improve the environmental quality. Consequently, 
people understand in depth the environmental issues and exercise their skills into making informed 
and responsible decisions [4][5]. Environmental education is a form of education that does not 
confine itself to simple transmission of fragmentary knowledge, but takes the environment as a 
multifaceted, complex and interactive system [23]. 
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The main goal of EE is to create a world population well informed, conscious and concerned 
about the environmental issues. EE through the acquired knowledge, skills, attitudes, motivation 
and commitment to work individually and collectively towards solutions of current environmental 
problems and prevention of new ones gives to participants the sense of empowerment. Recently, 
many researchers argued that the most important component of EE is considered to be the 
Environmental Literacy (EL). Primarily, the EL was defined as the ability to perceive and interpret 
the relative quality of environmental systems and to take appropriate measures to maintain, restore 
or improve the status of those systems. The EL seeks specific configuration of personal values, 
attitudes and behaviors [23]. Researchers identified that environmental education is based on 
acquisition of environmental knowledge, environmental attitudes, environmental behavior, and 
environmental concern [20]. 

The EE is crucial in the support of individuals and especially children who operate based on 
critical understanding skills. Environmental Education is the key to knowledge transmission and to 
creation. of experiences that turn children's beliefs, attitudes and behavior into a more 
environmentally friendly way of living [6]. Also, through EE the children are not only learning the 
fundamentals about the environment, but are also learning how to inseminate this information to 
their families, influencing this way household behavior [2]. A number of educational characteristics 
unique to EE blend well with recent educational trends: critical thinking, student empowerment, 
students/ researchers, place-based education, and diversity. Due to the controversial nature of 
environmental issues, environmental education promotes critical thinking at all times [8]. Usually 
EE is experienced in the formal educational system; however, it has been instrumental in informal 
and non-formal educational systems when promotion of responsible environmental behavior is at 
stake [23]. 

Environmental educators' role in the processes of EE is well defined. Such educators must be 
fully aware of the potential benefits of EE. Also they must have the required knowledge and 
regularly be updated on the developments of environmental sciences, be responsible and able to 
leverage information and technology while having the ability to design an EE program tailored to 
the needs of the ones they are going to deliver it to. 


1.2 Environmental education for educators 

In order to enhance overall the environmental educational goals, involved teachers should consider 
ways to increase environmental literacy. Teachers must attend pre service seminars in order to 
learn how to boost "environmental sensitivity", ecological knowledge, environmental emotion 
(attitudes), issue and action skills, verbal commitment (willingness to act), and actual commitment 
(behavior), within the student groups they deal with [32]. 

A few years ago, McKeown-Ice (2000), in order to explore why EE was not being more 
effectively integrated into the curricula, conducted a survey of institutions of higher learning 
offering teacher-preparation programs. This research identified several important barriers, such as 
lack of mandates from accrediting bodies to include EE in the teacher preparation curriculum, lack 
of correlation between EE and state and national standards and lack of faculty with content 
expertise, interest, or commitment to EE [17][8]. 


1.3 Environmental education programs 

The students' learning is enhanced, on the one hand, but also becomes more effective, on the other 
hand, in instilling an intrinsic value of nature, with practical and comprehensive environmental 
activities outside the classroom [2]. 
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In the formal environmental education in Greek schools the environmental issues are dispersed 
in the outline of almost all the subjects taught into schools [19]. The objectives of the different 
courses in the schools of primary and secondary education mandate a specific allocation of time on 
relevant environmental education issues. It has been found that this environmental education 
component of the Greek schools curricula covers almost every issue of interest and its extent is 
larger than in most of the other states of the European Union [14]. The incorporation of EE in 
formal education has enabled the connection of the subjects taught in the schools to the 
environmental issues of interest in our days. The interdisciplinary nature of EE requires that 
knowledge is derived from various disciplines. EE has the potential to enhance critical, creative and 
comprehensive thinking and results into problem solving skills. 


1.4 Civic Ecology 

Civic ecology is a science that reflects the work of the Resilience Alliance scholars, who examine 
the role of linked ecological and social factors (including social capital and biodiversity) in a 
system's ability to sustain itself in the face of change. Civic ecology practices, defined as “local 
environmental stewards hip actions taken to enhance the green infrastructure and community well- 
being of urban and other human-dominated systems" [9]. Further, civic ecology practices represent 
instances of local stewardship where knowledge is co-produced by practitioners and scientists. 
Civic ecology practices provide opportunities for learning among both adult practitioners and youth 
who engage in such practices through after-school and summer programs [24][13]. Civic ecology 
education refers to the learning and to the social and ecological outcomes that occur when youth 
and others become engaged in civic ecology practices [19][12]. Because civic ecology education 
involves integration of novice learners into communities of more experienced civic ecologists, 
socio-cultural theories that emphasize learning as participation in communities of practice are 
relevant [29] [11]. 

The purpose of the present survey was to give information about the teachers’ knowledge on 
environmental issues, coupled to their perceptions about EE programs and their own training as 
environmental educators. This case study research took place at Skyros Island. Teachers have a very 
important role in EE, making their environmental training vital to the promotion of responsible 
environmental behavior of the student body. Civic ecology practices, if educators are familiar with, 
in a small geographic area like Skyros Island, can magnify the benefits of EE. The teachers’ 
personal perception on the validity of the ongoing environmental education school projects and 
their opinions on EE were recorded. Finally the educators’ willingness to participate in 
environmental projects was also investigated. 


2. MATERIALS AND METHODS 


2.1 Research Area 
The research included the primary and secondary schools at Skyros Island in Greece. A sample of 
teachers, from these schools, was the one that participated this research project. Skyros Island is the 
southernmost island of the Sporades Group of islands, of Aegean Sea. It is located east of Euboea. It 
is the largest island of the Sporades (210 km^), with a population of about 3500 residents [33]. 
There are three schools at the Island of Skyros: one elementary and two schools in the 
secondary school system. In the primary level, 23 teachers are employed for a total of 202 students. 
The secondary system includes one junior school with 7 teachers and 79 students and one high 
school with 9 teachers and 67 students. Regarding the EE at the primary school system, the students 
of the 3", 4", 5^ and 6" grades are specifically taught the subject “Studying the Environment". 
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At the secondary school system there is no specific environmental subject that is being 
presented as a course, students get environmental knowledge from the relevant courses they are 
enrolled to. Concerning environmental programs, the junior high runs a sustainable development 
program for ninth grade students. The high school had been involved in a program about the 
development of a municipal orchard. 


2.2 Research Instruments 

The data, supplied below, were collected in January 2016, through personal interviews with the 
participating educators of primary and secondary education levels. All interviewers were asked the 
same sets of questions, in the same order. The questions utilized at the interview, had been used 
before in other similar research projects [25][10][26][27][28][30][31], adjusted though to the 
peculiarities of the Greek school system and the application of EE in the specific geographic area. 
The total number of questions was 40. The first 7 questions were about the demographics (e.g. 
gender, age, educational status, marital status, number of children, region of origin). The next 3 
questions were about the educators’ teaching experience and especially in EE. Also, they were 
asked 4 questions on their environmental knowledge, 3 questions about the field of EE, 2 questions 
about their training on EE, 4 questions about their participation in EE programs and 3 questions 
about the civic ecology topic. The rest 14 questions aimed to assess the educators’ EE concerns and 
perceptions (e.g. effectiveness of the existing EE practices, programs, application, support, 
cooperation). 


2.3 Research Sample 

The total number of the teachers at Skyros Island schools was 39 individuals. Only 23 of them (15 
primary school and 8 secondary school teachers) responded to the research. The 35% were males 
and the 65% were females, aged the majority of them (91%) between 31-50 years old and the rest 
(8%) were between 20 to 30 years old, and older than 50 years old. Specifically, 57% were single, 
39% were married and 4% were divorced. Concerning the number of children, 64% of the educators 
had no children, 9% of them had 1 child and 27% had 2 children. Also the 13% of them were 
natives of Skyros Island and the 87% of them came from other regions (74% of them from urban 
areas and the rest from rural areas). Only a 26% had completed graduate studies with none of them 
possessing a doctorate degree. Their working experience as educators was for 61% of them, a total 
of 1 to 10 years, the 22% had 11 to 20 years teaching experience, and the 17% of them had a 
teaching service of 21 to 30 years. 


3. RESULTS 
3.1 Teachers knowledge and training on environmental issues 


Teachers' experience in EE 

Sixty percent of the island’s educators responded to the present survey, representing 65% of the 
primary school teachers’ body and 50% of the secondary one. Seventy percent of them are involved 
directly with teaching of environmental education. 


Teachers' knowledge and training on the most serious environmental issues 

This type of questions aimed to assess teachers' knowledge on environmental issues and their 
training as environmental educators. Figures 1 and 2 shows the results of the participants' answers, 
on their perception about the worst environmental problem the planet is facing, and the most serious 
problem Greece is experiencing currently. 


1034 13" International Conference on Protection and Restoration of the Environment 
Editors: A. Kungolos, C. Christodoulatos, A. Koutsospyros, 

C. Emmanouil, C. Laspidou, Z. Mallios, D. Dermatas 

ISBN: 978-960-6865-94-7 


Water 


Water 
The increase of Other pollution ndangered 
9) spieces 
the global Solid wastes 4% 9% ou 
temperature 26% o 
| Air pollutio 30% 
| 


% 


9% The rapid 


Ozone a 
population 


depletion 


Lack of water 


Air pollution 
13% 


growth 

9% ee 3596 
Figure 1.The worst environmental problem Figure 2. The most serious environmental 
facing the planet, according to educators opinion problem educators considered Greece is 


experiencing currently 


In Table 1, the educators’ considerations on environmental statements are being presented. 


Teachers’ knowledge about Civic Ecology 

The findings showed that the 68% of respondents were not familiar with the term “Civic 
Ecology”. Thy all agreed that Civic Ecology practices referred to locals being involved in 
environmental stewardship actions. Sixty percent of the teachers said that Civic Ecology practices 
could provide opportunities for learning among youth, through school and summer programs, and 
the rest replied that it was only for adult practitioners. 


3.2 Teachers’ perception on the on going EE school projects 

Half of them had taken part in EE programs and a percentage of 36% had created themselves an EE 
program. A 23% of all participants had created 1 program, 9% of them 2 programs and 7 programs 
were delivered by the 4% of them. The 74% of the educators believed that their own personal 
environmental views were being expressed in their environmental programs. Seventy percent of 
them answered that they were not satisfied with the number of EE projects offered to their school. 


3.3 Teachers’ opinions on EE 

All educators (100%) thought that Environmental Education promotes environmentally friendly 
attitudes and behaviors. The majority of the participants (91%) considered environmental education 
as important as any other subject taught in school. Figure 3 shows, which benefit is perceived by 
teachers as the most important one gained from EE processes. A percentage of 20% of the educators 
were not satisfied with the effectiveness of EE practices, 50% of the educators were moderately 
satisfied and 30% of them were totally satisfied. Half of them were satisfied with the existing EE in 
Skyros Island. Almost all of them (95%) agreed with the idea of moving away from the traditional 
way of teaching about the environment. Only 10% of educators considered the level of EE as 
satisfactory. All educators (100%) thought that cooperation among teachers and school 
administrators is necessary for delivering the full potential of EE. 
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Table 1. Responses to environmental statements 


We are approaching the limit of the number of people the Earth strongly disagree 5% 
can support. disagree 40% 
agree 40% 
strongly agree 15% 
Humans have the right to modify the natural environment to strongly disagree 22% 
suit their needs. disagree 43% 
agree 26% 
strongly agree 9% 
When humans interfere with nature it often produces disastrous strongly disagree 0% 
consequences. disagree 18% 
agree 60% 
strongly agree 22% 
Science and technology can overcome any environmental strongly disagree 13% 
problem. disagree 48% 
agree 34% 
strongly agree 5% 
Humans are severely abusing the environment strongly disagree 0% 
disagree 0% 
agree 61% 
strongly agree 39% 
Plants and animals have as much right as humans to existence. strongly disagree 0% 
disagree 496 
agree 6196 
strongly agree 596 
The so-called “ecological crisis" facing humankind has been strongly disagree 17% 
greatly exaggerated. disagree 53% 
agree 22% 
strongly agree 8% 
Humans were meant to rule over the rest of nature strongly disagree 26% 
disagree 48% 
agree 26% 
strongly agree 0% 
Maintaining economic growth is more important than strongly disagree 52% 
protecting the natural environment disagree 35% 
agree 9% 
strongly agree 4% 
If things continue on their present course, we will soon strongly disagree 9% 
experience a major ecological catastrophe. disagree A 
agree % 
30 
strongly agree % 


Most educators (96%) categorize environmental education as science. A percentage of 91% of 
educators reported the outdoor EE activities as a more effective teaching approach. Regarding the 
institutional framework mechanism, 58% of the educators found it unsatisfying, 21% of them stated 
that it was moderately satisfying and 21% of the educators found it satisfying. 

Figure 4 shows the educators’ experience on how the Greek state addresses the issue of EE. 
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Figure 4. Educators’ considerations in how the Greek state adresses the issue of EE 


3.4 Teachers’ willingness to participate in environmental projects 

Lastly, the educators were called to express their personal opinions about what they believed could 
encourage other teachers to practice EE. Some (26%) of them didn’t answer at all. A 35% said that 
educators’ interest in EE could take place only though appropriate in service training programs. The 
rest (39%) pointed out that EE interest could be increased if there is a reduction in required working 
hours of teachers, or having environmental organizations’ assistance or if EE becomes part of the 
mandatory curriculum. 


4. DISCUSSION AND CONCLUSIONS 


Teachers' knowledge on environmental issues and training 

Skanavis (2004) has underlined that the role of the educators is critical and crucial in raising 
awareness, in forming attitudes, in shaping environmentally friendly behaviors and in advancing the 
skills of the future environmental decision makers. Many researchers have pointed out the 
importance and the necessity for continuous and sufficient training of teachers in Environmental 
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Education. They have stressed out that the effective environmental education training is the most 
important factor in order to contribute in the wide spread application of EE in the formal school 
system [16][15]. 

In our days, the Greek teachers are required to teach environmental issues without having the 
required background, knowledge or methodology even as part of their pre service training studies. 
Skanavis et al. (2014) concluded in their survey, that the educational responsibility for training 
teachers on EE is placed under the auspices of professional environmental education experts, like 
the ones found in the relevant university departments. It is of great importance for children to be 
educated by experienced environmental educators, who will give them the proper knowledge on the 
environmental issues of interest and will invest on their environmental awareness and willingness to 
actively participate in the decision making process later on in their lives as responsible citizens. 


Teachers' perception on the on going EE school projects 

Only half of the teachers have taken part in at least one EE in their teaching careers. Most of 
them are not satisfied with the number of the EE school projects that are offered in their schools. 
There was though recorded a weak desire to create and implement a new EE project. This is 
probably a consequence to the barriers they had stated related to the enforcement and support of EE 
both at the national and local educational levels. 


Teachers' opinions on EE 

Teachers think that EE promotes environmentally friendly attitudes and behaviors. 
Consequently EE could create environmentally conscious citizens and policy makers, who could 
actively participate in the environmental decision making later on in their lives. Almost all of them 
agreed with the idea of moving away from the traditional way of teaching about the environment 
and they were supporters of the outdoor EE activities as a more effective teaching approach. It was 
clear though that successful EE is only possible if they receive adequate training. They are not 
satisfied with the level of EE, but they do not seem to have the desire to change it, as they are 
disappointed with the institutional framework mechanism and support educational system. 


Teachers' willingness to participate in environmental projects 

Having the 40% of the educators not wanting to participate in this research is an indication that 
EE is not among their priorities. Although they consider EE as important as other subjects taught in 
school, the majority of them didn't seem to have the willingness to actually practice EE. Investing 
in time allocation, for environmental education activities, was not in their personal agenda. 
Regulating authorities do not stress the importance of EE in the formal education sector. It is in the 
teachers’ discretion to participate in an EE program and the ones that were willing to do so, were 
few. 

The interviewees in their vast majority did not have the proper training to teach EE. Apart from 
a few isolated cases, the rest of educators did not feel comfortable to implement an EE program, 
due to lack of appropriate environmental background. The participants would have delivered EE 
programs if they had received professional in service training, on how to implement successfully 
environmental education in their teaching. This is an aspect that has been neglected, by the Ministry 
of Education in the last years. A remote island like Skyros has an extreme need for training support 
from the regulating authorities. Educators who respect their role, like the ones who participated in 
this study, know their limits and wish to be involved in extracurricular activities only when they 
feel that their contribution has positive effects on their students. 
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Abstract 


The purpose of this study was the investigation of the effectiveness of interview as a measuring tool 
of the environmental illiteracy. A pilot conduction of interviews was made in a sample of twenty 
children in the first and second class of High school in central Evia. The structure of interview was 
shaped after having reviewed the relevant literature and other questioners that have been used 
occasionally for the environment literacy. A part from the introductory demographical questions the 
main body of the interview investigated the children's environmental sensitivity consisting of 
questions about a) their basic knowledge about the environment, b) their attitudes towards it, c) any 
possible actions they engaged in about the environment. The results of the survey highlighted the 
big luck of knowledge and of proper models on environmental education. The terminations showed 
that, half of the children separate some of their waste into recyclable and non recyclable ones. The 
children were ready to save energy and water as well as urge people's recycling awareness. Only 4 
of the students had discussed with their parents on the solutions of environmental issues. The 
responses underline the children's desire to take up actions about the environment but at the same 
time their inertial about it, which may be the result of most parents' indifference to be active and 
environmentally aware. As the conduction of the study was pilot a more extensive research is 
proposed to be done in the future. Given the students preference on the interview as a measuring 
tool, the last appears to be a very useful mean for research in the future, as other methods were 
considered to be boring and tedious according to the children's' reactions. Watch more a possible 
combination of methods of investigation could provide more reliable and detailed results for the 
critical issue of environmental illiteracy. 


Keywords: environmental illiteracy; environmental education; interviews; Greek High school; 
environmental issues 


1. INTRODUCTION 


Environmental issues not only turn the world into an uninhabitable place but also threaten human 
existence. To cope with these issues, the activities aimed at transforming the behaviors of 
individuals are vital, in addition to technological advances. This is possible only through 
environmental education [1]. At the 2002 United Nations World Summit for Sustainable 
Development in Johannesburg, it was noted that sustainable development requires a long-term 
prospect and wide participation in policy planning and decision-making [2.3]. 

To provide awareness and develop an ability in young people to look at ecological subjects 
with more of an integrated approach, individuals must comprehend that solving an emerging 
problem successfully, and developing and integrating environmental perception in children at an 
early age must be a priority. Therefore the fundamental basics need to be taught, and ideas need to 
be shared and discussed within the family and at school [4]. 
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According to Tanaka [5], environmental knowledge can be defined as individual understanding 
on how environment functions; how humans interact with the environment; how environmental 
problems arise; and in what way these problem can be overcome. For Rohiza [6], environmental 
knowledge can be explained in the context of an environmental literacy component regarding the 
knowledge of issues related to environmental sustainability and its influence on human life. 

The first step to the teaching about the environment should be first to train active and aware 
people about the environment and their responsibility in conserving it. Through training, students 
must obtain a set of values and interests in the environment and become motivated to engage in 
active partnership in conserving and improving the environment [7]. In fact, to train aware and 
responsible citizens about the environment and its problems, to provide awareness about and an 
eagerness to discover solutions to its problems are extremely important teaching priorities [8]. 

Erten [9] underlines the importance of environmental education for the protection of the 
environmental attitudes, values, knowledge and skills development, and eco-friendly behaviors. 
Moseley [10] defines environmental education as a life-long interdisciplinary approach contributing 
to the solution of current environmental problems with the goal of creating a world population who 
is responsible for the things they have done to the environment. When all definitions are taken 
together, environmental awareness is thought to be important, aiming at encouraging people to 
actively participate in the solution of problems as responsible individuals [11]. 

The concept of environmental literacy was firstly defined by Charles E. Roth in 1968 as an 
individual's environmental knowledge and awareness level. Morrone indicates that an environ- 
mentally literate individual should have a basic and deep scientific background, converting know- 
ledge into action with increased environmental values, attitudes and skills [12]. 

Roth [13] defined environmental literacy as “the capacity to perceive and interpret the relative 
health of environmental systems and take appropriate action to maintain, restore, or improve the 
health of those systems". They found that environmental knowledge was correlated with environ- 
mental concerns and perceptions of environmental behavior. 

There is a profound, but subtle, distinction between environmental education and environ- 
mental literacy. While environmental education is process based, the goals of environmental 
literacy are more outcomes based. Environmental literacy is the understanding of the interactions 
between natural systems and human social systems [14]. The working definition of an 
environmentally literate person is one who uses critical thinking, problem solving, and effective 
decision-making skills to weigh all sides of an environmental issue [15]. 

In Greece, Environmental Education Centers, which were introduced in 1993, could be utilized 
in the promotion of environmental literacy of the visiting students. Furthermore, the establishment 
of school gardens can be planned as an ecological field for students who have no chance to attend 
ecological education programs, and extra-curricular environmental activities can also be organized 
in these places [16]. The Laboratory of Environmental Education and Communication, in the 
Department of Environmental Studies at the University of the Aegean, has studied several groups of 
individuals with a broad spectrum of educational, career and age characteristics — all of whom are 
involved with environmental education in one way or another, or are interested in environmental 
protection, in order to profile their environmental interests [17]. 

Children cannot be taught about the future environmental problems yet to happen. However, 
they can be helped and encouraged in: generating their mental abilities which identify and foresee 
problems related to the habitat, gathering information about relevant subjects from the field, 
providing problem-solving opportunities and making reasonable decisions with these pieces of 
information and in turn, solving environmental problems [18]. 

Teachers play an important role in ensuring their students get adequate knowledge to preserve 
and conserve the environment. However, a study by Che Kalbi [19] and Khor [20] showed that 
teachers' level of knowledge on the environment is between moderate to high. 
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Young people can benefit from personal experiences and can develop skills in many areas: 
cultural, biogeographic knowledge of underground processes, and the participant’s own senses [21]. 

Another study [22] showed that affective variables seemed to have greater influence on 
students’ behaviors, emotional bonding, for example, and sensitivity toward nature, traits that may 
have influenced their environmental literacy. 


2. RESEARCH AND RESULTS 


The purpose of this study was to investigate a tool (interview) used to examine the current situation 
in Greece and the Greek schools on environmental education. The pilot procedure in our research 
included 20 students who studied in the first and the secondary class of Greek High School, in order 
to investigate the effectiveness of this tool. For creating of the frame of the interview, questions 
from other questionnaires and interviews were used to Greek reality and the particularities of the 
respondents. This interview was standardized and structured. It was divided into six main axes with 
questions not only of demographic interest, but also questions about the environment, their 
knowledge and their sensibilities. In this way, the investigation has established a relationship of 
trust between the two parties. This relationship is necessary so that the findings may be true, rich 
and quite able to expand the research. 

Analyzing the results of the interviews, the first set of questions give us demographic 
information of the respondents such as their gender (60% of them were boys), their age (65% of 
them were students of the seventh grade and 3596 of them were students of the second year of 
secondary school). Subsequently, they were asked whether they recycle and what items they use 
(55% responded negatively). Also, 65% of the students have already participated in an 
environmental program, while the 75% would like to participate in such an occasion. The 75% 
believe that the greatest environmental problem is the green-house effect (global warming), while 
the 3096 believe that the most important environmental issue is the ozone hole. Moreover, 
concerning the question as to who is responsibility for pollution, the majority (7096) chose the 
factories, 2596 chose the state and 596 chose the households. As for the question about which of 
their daily habits could contribute to environmental protection, 25% of the students replied that an 
effective way is saving water, 20% of them selected energy saving and 10% mentioned several 
activities like reforestation and cleaning the beaches. 

The remaining 45% of the students thought that recycling is another effective way. Then, to the 
question as to when a material is called recyclable, 8596 of the students answered correctly, 1096 
chose the wrong answer and 5% gave no answer. Furthermore, 50% of the respondents knew about 
composting. In addition, to the next question about which of the items that followed was a 
predator/prey relationship, three indicative answers were given. Eighty percent of the students 
answered correctly (a robin eats a worm). Fifteen percent of them gave a wrong answer (a fish eats 
aquatic plants) and the remaining 5% chose the answer when a flea bites a dog, which was wrong 
too. Then the students were asked about which the original energy source for all of living beings is. 
In this question 10% of the students gave a wrong answer (water) whereas the rest of them 
answered correctly (the sun). 

Another question with overwhelming results was the one about where the majority of oxygen in 
the atmosphere comes from. Ninety five percent of the respondents gave the correct answer (from 
the plants) while only 5% of them gave the wrong one (from the soil). In addition, the results to the 
question as to which of the items that followed were parts of the water cycle were remarkable. More 
specifically, 95% of the students answered correctly (evaporating) and only 5% of them answered 
wrongly (tides of the oceans). 

In the next chapter of questions which was about the thoughts of children concerning the 
environment, 100% of them answered that they are willing to save energy by decreasing the use of 
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air conditioning. In addition, when they were asked whether they are willing to use less water when 
they take a bath in order to save water, 100% of them answered positively. Also, 100% of the 
respondents gave an affirmative reply when they were asked if they would be willing to walk more 
in order to reduce pollution. Likewise, 9596 of them answered positively to the proposal about 
asking other people to start recycling. 

Furthermore, the students were asked about what they do for the environment. More 
specifically, they were asked if they had already had a discussion with their parents on how they 
could solve environment problems, to which 75% of them answered negatively. Also, 60% of the 
respondents stated that they do not turn off the faucet when they brush their teeth (to save water) 
nor do they switch off the light when they don't need it. Apart from that, 75% of them had never 
asked their family to recycle some of the items they use. 

The last section refers to the environmental awareness of the children who participated in this 
research. As far as this matter is concerned, 7096 of the participants had a moderate level of 
environmental awareness, 2596 of them had quite enough and 596 of them had a low level of 
awareness. Also, to the question about how often they go on vacation with their family, only 1596 of 
them gave a positive answer. Likewise, only 20% of the students have gone camping. In addition, 
when they were asked whether they like to read environmental books or magazines, only 2596 of 
them gave a positive answer. Lastly, 7096 of the participants said that they had a teacher or a mentor 
as a role model when it came to environmental consciousness. 


3. DISCUSSION AND CONCLUSIONS 


The findings of this study showed that generally there were no signs of student stumping in the 
interview, with few exceptions. This interview offers valuable elements which we did not have the 
opportunity to have access to through other ways of research. It is a kind of insight into the inner 
world of students. 

The children's knowledge concerning various ecological issues is satisfactory. As a result, a 
large number of questions was answered correctly. The majority of children knows where most of 
the oxygen in the atmosphere comes from and what the water cycle is. The above shows that 
schools aim to create a new environmental culture through the knowledge and behaviors that 
support the correct sustainable society as well as the well-being of each one of its individuals. In 
recent years, especially after the Rio Summit in 1992 and the Johannesburg Earth Summit in 2002, 
the idea of an Education for Sustainable Development was crystallized. 

The Education for Sustainable Development gives a new vision and a different educational 
approach that will enable students to understand the world in which they live better as well as be 
aware of the interface problems such as over- consumption, depletion of natural resources, urban 
decline and environmental degradation, which will help them cope with the complexity of reality [2]. 

Through courses of “Interdisciplinary Activities, Development Guide Environmental 
Education” and “Geography”, students of the first class of high school get impulses on matters 
concerning the environment. They distinguish the natural from the human environment and 
understand the forms and causes of pollution as well as the degradation of the environment. 
Moreover, they realize the interdependence of natural resources and human activities, the land use 
and bearing capacity and recognize the value of sustainability. Finally, they can determine the 
precise meaning of the terms “Quality of life” and “Land use” [23]. 

Students of the second class of High school who are taught “Interdisciplinary Activities, 
Development Guide Environmental Education", ““Geology-Geography” and “Chemistry” are able to 
indicate factors that disturb the water cycle, to describe the association of surface with groundwater, 
investigate the causes of abandonment or degradation of the environment as well as the cultural 
identity of a place at a local, national and global level. Moreover, they can predict the consequences 
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of continued neglect and environmental degradation [24]. 

The findings of this study show that students are prepared to raise awareness on key issues 
concerning the ecosystem of the region and their sustainable management. Furthermore, they are 
informed about the dangers that threaten them and have become familiar with practices of 
sustainable forest management like saving energy, using less air conditioning and so on. 

Regarding the questions about what respondents do for the environment, it comes as a result 
that they don't do what they want. Only 4596 of the students do recycle at home. Of course, we 
must note the important role in the development of children. Parents can help their children in such 
a way that they establish environmentally friendly attitudes or behavior patterns, through both 
intentional and systematic educational interventions [25]. 

Highly educated people as well as younger people tend to develop friendly environmental 
behaviors. Also, another factor that affects the appearance of environmentally friendly behavior is 
gender, since women seem to react more emotionally towards environmental problems and show 
more interest [7]. 

Human impact is the main source of environmental problems while humans are also the answer 
to the solution of these problems [26]. The configuration formation of environmentally responsible 
behavior is a complex process depending on the interaction of endogenous and exogenous factors. 
On an individual level, behaviors are the results of the engagement of various factors which interact 
differently depending on the occasion each individual is found in [27]. The environmentally 
friendly behaviors depend mainly on a network of personal and perceptual characteristics of the 
individuals, such as attitudes, values, intrinsic motivation and so on. Today, we are trying to 
reestablish the place of humanity in nature and his relationship with it [28]. 

Even if we become fully aware of the whole philosophic system regarding the relationship 
between humans and nature, we will not manage to diminish this crisis, unless we implement the 
principles of this system in our educational system at an early age. More specifically the role of the 
teachers and educators is crucial in helping their audience to think and act critically [26]. The role 
of the teacher and the school should be noted for the students' attitudes [27]. 

Moreover, teachers must change their role and knowledge transmitters so as to become 
animators as well as coordinators for the pupils [27]. As a result, they will be able to interact with 
each other, which will give the latter the opportunity to gain the new knowledge. Furthermore, the 
former should give great value to the interests, ideas and expectations of the students. The design of 
the whole venture should be open and flexible. This attempt to explore and capture the 
environmental awareness of students shows that the respondents were honest. More specifically to 
the question that referred to the extent they were environmentally aware, the majority of the 
students answered “to a certain degree". When asked whether they love or hate the environment, the 
students went for the former. It is crucial to support students in identifying their values, so that they 
can envisage how these values might work out in practice. Thus, we do not advocate any specific, 
responsible environmental kind of behavior; rather, we promote a lifestyle according to which 
actions are consciously and reflectively driven by values and a vision of welfare for the world [27]. 

Some environmental thinkers, like John Muir, believe that if people have more opportunities to 
see or enjoy natural landscapes, they will be made to value and preserve these places more [29]. 

The individuals who have environmental consciousness can put pressure on politicians and 
awaken them [30]. Future approaches for environmental management and policies can be made 
possible by raising individuals who will be educated, aware of environmental issues and willing to 
apply the results of this education to their attitudes and conscious lifestyles. Considering the 
important role of the family in environmental education and the awareness of the child, we deem 
that it is necessary for parents to provide their children with appropriate personal experiences as 
well as a potential treatment framework through which children will construct their own mental 
patterns and will be led to the gradual building of a value system and the shaping of 
environmentally friendly attitudes. 
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Abstract 


The following article refers to the current way that Environmental Education (E.E.) is being 
incorporated in primary schools in European countries, and specifically the Greek primary schools. 
It emphasizes the implementation of an alternative environmental program by the N.G.E.O. WWF 
Hellas. Furthermore this article refers to the role of Non Governmental Environmental 
Organizations (N.G.E.O.) in E.E and its evaluation. Finally it addresses how the field of Environ- 
mental Education (E.E.) has incorporated effective ways into creating responsible environmental 
behavior. 


Keywords: environmental | education; responsible | environmental behavior; evaluation of 
environmental programs 


1. INTRODUCTION 


The issues of environmental instability and worldwide environmental degradation have resulted in a 
call for greater emphasis on environmental education (EE) in order to create and maintain optimal 
and sustainable relationships between the public and the environment [1]. Recognizing that human 
influences have the greatest impact on the environment, specific programs in governmental sectors, 
non-profit organizations and public schools focused on the promotion of environmental actions for 
children who are going to be the *future' citizens [2]. 

The most effective way in order to solve the environmental problems is the education of the 
societies [3]. The active participation in issues involving the environment is required [4]. In our 
days, young students are technologically adept, but without the connection to nature, which is so 
important in early years, children are going to be deprived from developing an 'environmental 
sympathy', respect and curiosity about the natural world. Young individuals should experience the 
power, fragility, interconnectedness and awe of nature, so they can become environmental stewards 
of the future [2]. The fundamental objective behind environmental education is to foster 
environmental awareness in all segments of society and inculcate positive enduring behavioral 
changes [5]. Outdoor educational programs are generally believed to be a suitable alternative to 
conventional biology settings that improve participants' environmental attitudes and knowledge [2]. 
The purpose of nature education is to help the participants identify nature, its products and meaning 
by interacting with it. From this standpoint, this type of education should be carried out in real 
conditions in order to enhance interest for nature and relate with it [6]. 
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2. ENVIRONMENTAL EDUCATION (E.E.) 


E.E. is considered an ongoing process, which is an integral dimension of citizen education, oriented 
towards knowledge acquisition, development of habits, skills, attitudes, and values formation [7]. It 
plays a significant role in harmonizing the relation between men and nature, providing the 
reorientation of economic, social and cultural variables when sustainable development is the issue 
of concern [8]. E.E. imparts knowledge and creates experience to change beliefs, attitudes — and 
most importantly — behavior [9]. The basis of teaching is to connect with the children through their 
own experiences [1]. This form of education could be considered “learning by doing" which is 
believed to be highly meaningful and therefore retained longer by the students [10]. Affective 
variables seemed to have greater influence on their behaviors, emotional bonding, for example, and 
sensitivity toward nature, traits that may have influenced their environmental literacy [11]. Studies 
have started to reveal that environmental concerns and the environmental fear, known as eco- 
phobia, relate to feelings of helplessness, which may impact children's willingness to participate in 
environmentally friendly activities [12]. 


2.1. Environmental Education in primary school system 

The educational system worldwide is charged with the vital task of encouraging students to promote 
responsible environmental behavior, and, furthermore, of assisting them in their advocacy [7]. 
Environmental education assist youth in developing mental skills, which enable young individuals 
to identify the environmental concerns, to collect information about the relevant issues, to take the 
right approach, and to solve the environmental problems [13]. Emerging environmental education 
components require new approaches to teaching, incorporating inquiry methods and field studies, 
ensuring the integration of knowledge, emotion and action, i.e., “heads, hearts and hands" [14]. 


2.1.1. In Greek schools 

The school, in these days, cannot ignore the demands of modern society that wants man to be an 
active and responsible citizen based on free will [15]. As a result the “Flexible Zone’’ has been 
implemented in schools, in which all the primary and nursery schools are obliged to execute 
programs and working plans, as stated in relevant educational regulations [15]. Students are not 
only tested on acquired knowledge, but they are encouraged to participate in relevant activities [15]. 
Based on national educational acts the Environmental Education is part of the pedagogical 
processes in both primary and secondary schools [15]. 


2.2. Case Study: “‘Better Life — economy, ecology, participation" 

The program of WWF Hellas, «Better Life - economy, ecology, participation" started in October 
2013 and it is a comprehensive public information and training hub in everyday matters, providing 
simple and effective recommendations for all and encourages involvement in small and large acts of 
cooperation and solidarity. This program is developed on four themes: a) consumption, b) nutrition, 
C) city life, and d) energy, it is aimed at the entire society (citizens, students, teachers, etc.) in order 
to improve the everyday lives of Greeks and encourage them to take actions at home, the 
neighborhood and the city. It is approved by, the Greek Ministry of Education. WWF Hellas created 
this program in order to propose a new model of life by which citizens would be persuaded to 
reduce the ecological footprint and the heavy demand for natural resources. This program sets daily 
activities and it tries to prove that the environment, society and the economy are interdependent 
parts. It aims to promote a lifestyle different and better, since it would be based on collective action, 
cooperation, information, environmental education and "special missions". This program attempts 
to identify policy weaknesses in order to change policy at central or local level [16]. WWF Hellas 
under the Better Life program works with the Future Library network [17] and creates special 
training programs for librarians. 
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2.2.1. At the schools 

The aim of this program is to motivate students, teachers, parents and local residents. The driving 
force is the school but the activities are diffused in homes, the streets and neighborhoods. WWF 
Hellas invites teachers and students to work with all citizens and to take actions to improve the 
quality of city life, home and neighborhood. The schools can sign up in the program Life Best and 
then they get involved with one or more topics that have been proposed (Consumption, Diet, Green 
City, Energy) and at three levels: school, home, neighborhood. When someone from the school 
signs up, he/she can see the available actions and the schools that participate in the program. With 
the completion of each action, every participating school has the opportunity to record the 
experiences of children and to upload relevant material with photos and videos to inspire others. 
Schools have the opportunity to communicate, to exchange views and to work together. On the 
website of this program there is educational material on each working topic, which provides ideas 
and suggestions for action, but also gives guidance on how these activities can become effective 
[16]. 


2.2.2. Data Analysis 

The Better Life program of WWF Hellas has 6.725 members and it has implemented 85 actions 
until now, which are based on the topics of consumption, nutrition, city life, and energy. Examples 
of related actions are: take the green in your hands; what season is suitable to sow; what we have to 
do to avoid a fire; eco-driving; creating compost; garden creation in yards and gardens; reuse and 
creation of handmade things; cooking without wasting etc. Examples of programs are: the road of 
the water, green brunch, garden creation in the schoolyard, exchange, construction and corrections 
in order to minimize energy losses in the school buildings, etc. 


2.3. NGOs as a means for effective environmental education 

Environmental education is the crux of an NGO’s work. Without knowledge, there can be no action, 
and without action there can be no change. The students are not taught “what to think” but “how to 
think", giving them skills to analyze information, make “sound” judgments and respond with 
solutions, ideas or new questions [18]. The interactive method (discussions and experiments) 
internalizes the behavior. With adequate awareness, facilitation and positive experiences in the 
environment, students can be encouraged to design and implement their own projects [18]. 


2.4. Responsible Environmental Behavior (R.E.B) 

The humans live and operate, virtually without exception, in social systems that are inextricably 
linked to the ecological systems in which they are embedded [7]. E.E. must offer cognitive and 
emotional stimuli, which are concerned with the formation of values, attitudes, and—subsequently - 
behavior [7]. According to research projects, participation in environmental education and the belief 
that this education is able to foster behavioral change are closely related [19]. There are studies 
indicating that when the environmental education is carried out in nature with field works, it is 
easier for the acquired knowledge to turn into behavior and to develop positive environmental 
attitudes [6]. 

The knowledge is a necessary, however not sufficient precondition for developing pro- 
environmental moral norms and attitudes [20]. The main goal of environmental education should 
thus be to engage students with a complex toolset - containing cognitive, affective and conative 
elements - which foster behavioral change [19]. When people feel a sense of ownership of the goals 
they select, they typically try harder and longer [21]. 
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3. EVALUATING ENVIRONMENTAL EDUCATION SCHOOL PROGRAMS 


EE is enhanced through the evaluation of its programs. Disseminating evaluation results, to a 
broader audience, increases even further the benefits associated with improvement of EE practices. 
The programs' evaluation is an attempt to measure the overall impact of the corresponding 
programs. Specifically evaluation refers to the systematic collection of information about the 
activities, characteristics, and outcomes of programs, in order to make suggestions about how the 
program can improve its effectiveness [22]. 

The evaluation of a program determines the degree to which the program contributes to the 
overall environmental literacy [23]. It includes ways to capture and assess unanticipated outcomes 
and it determines if the addressed needs were correctly identified in the initial needs assessment 
report [23]. 

Questions that should be included in an evaluation are the following [24]: 

e How satisfied are the program participants? 

e What are the demographics of the program participants? How did the program participants feel 
and which of their attitudes changed after the implementation of the program? 

e Did the program increase stewardship behavior? 

e What did the program participants learn from the program? 

e Did the program have impacts on eco practices, biodiversity, water quality, solid waste and 
sustainability? 

In general, evaluation results are used to help determine areas of strength and potential gaps, 
how a specific activity has impacted the community, how to function more effectively, to identify 
areas needing attention or improvement, to help clarify issues, to provide direction, to inform 
decision-making, to promote the program within the community, to communicate within one’s own 
agency or organization, to fulfill funding requests, to build group visibility in the community, and to 
recruit other participants [23]. The assessment of the evaluation reports serves as an educational 
tool and directs experts into creation of new programs that will have a positive impact on the 
community. 


4. ENVIRONMENTAL EDUCATION THEORY RELATING TO WWF HELLAS 
ACTIONS 


The implementation of the program "Better Life - economy, ecology, participation" of WWF Hellas 
is fully harmonized to environmental education theory, principles and agenda. 

Through the environmental education, children and adults learn and explore their environment 
and make smart choices for an improved everyday life by reducing their ecological footprint. 
Education should encourage critical thinking and be linked to personal experiences and everyday 
life demands. This way, through acquired knowledge and information, the configured values 
support environmental attitudes, which in turn result in the promotion of environmentally 
responsible communities. 

The Better Life program proposes actions, which encourage people to deal with environmental 
protection and get to know nature by interacting with it (e.g. creation of gardens). The program sets 
small, achievable goals (e.g. festivities without wasting food), motivating this way everyone to 
participate, learn and act. These small but very important everyday interactions create the will to 
program participants to want to work harder for the environment’s sake as well as their own, 
because they realize the importance of their own actions. The personal motivation to engage into 
environmental tasks comes from within us, a concept that is supported by the Self Determination 
Theory (SDT) [21]. The program encourages all participants to communicate and share experiences, 
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difficulties in implementing the actions, tips and questions. New members of the community are 
constantly lured into wanting to become part of this environmental “cult”. 


5. DISCUSSION - CONCLUSION 


It is of paramount importance to understand children's perspectives, since children both now and in 
the future will influence and be influenced by environmental issues in many ways [12]. Outdoor 
environments can enhance mental health of participating students, contribute to students’ 
intellectual and emotional development, support their environmental awareness and can give them 
opportunities to play and get involved in creative activities as well as connect directly with nature 
[2]. 

The "Better Life" program aims in a new type of practice, i.e., civic ecology practice. Students 
are introduced to significant daily issues. The program is an exploration of urban stewardship, with 
the goal of developing a deeper understanding of how such practices emerge, grow, and are 
sustained over time [25]. 

If citizens all over the world had been environmentally educated to actively participate in the 
decision-making process, we wouldn't need to worry about environmental disasters [7]. 
Responsible citizens, able to manage environmental issues and to control their own environmental 
destiny are the true target of the WWF Hellas program that was presented in this paper. 
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